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(pre Walsh-Weidner Forged Steel 


Ss 


Sectional Header 
Boiler to serve a 


25,000 kw. 
Generator 


The Walsh-Weidner sectional header boiler 
to be installed at the Duluth Steam Elec- 
tric Station of the Minnesota Power & Light 
Company is believed to be the largest sec- 


tional header boiler ever built. 


This Walsh-Weidner forged steel sectional 
header boiler contains 36,300 sq.ft. of heat- 
ing surface; is of single pass design, 38 
sections wide and 43 tubes high, including 
3 rows of circulators. The steam pressure 
is 485 lb. per sq. in. with a total steam tem- 


perature of 760 deg. fahr. 


The furnace is of the C-E Water-cooled 
wall construction and pulverized fuel is 
introduced through six Lopulco horizontal 


burners. 


This installation is an excellent example of 
the rapidly growing trend of—one boiler 


per generator. 


Visit Combustion Engineering Corporation’s Exhibit at the New York Power Show 


Booths 23, 24, and 25 


New York, N. Y. 
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High Pressures and High Temperatures 


T is now more than 

five years since the 
first 1,200 lb. installa- 
tion was put in service 
at the Edgar Station of 
the Edison Illuminat- 
ing Company of Bos- 
ton. Since that time, 
the Lakeside installa- 
tion at Milwaukee, the 
Northeast installation 
at Kansas City, the Holland, Deepwater and 
South Amboy Stations in New Jersey have been 
put into service, while the San Francisco plant 
and the plant of the Ford Company at Fordson 
are nearly ready to commence work. These 
stations are all 1,200 to 1,400 |b. stations with 
750 deg. fahr. steam temperature. The designs 
cover a wide range and the operating condi- 
tions have shown no serious troubles which 
would not have been encountered if ordinary 
pressures had been used. The trend of prices 
shows that the costs of these stations are little, 
if any, in excess of plants built for ordinary 
pressures. 





GEORGE A. ORROK 


In Europe, total steam temperatures of 850 
deg. fahr. are common; at least three stations 
are running at that temperature, while the 
Witkowitz plant has been running now for 
more than two years at 950 deg. fahr. Reports 
from all these plants agree that the troubles 
have been those which usually occur with the 
lower pressure plants. Economies have been 
most satisfactory. It would appear that pres- 
sures of this general order with steam tempera- 
tures between 750 and 950 deg. fahr. with the 
use of reheat has become a standard type of in- 
stallation. 


The Benson system running at or about the 
critical pressure, and the Loeffler system, used 
at Witkowitz at about 1800 lb., are far along 
in the experimental stage and the profession 
is eagerly awaiting operating reports from 
Langerbrugge where the newest and largest 
Benson installation is now in service. Mean- 
while, a number of most interesting plants 
have been installed in the 400 to 750 lb. range, 
in which reheating has not been necessary, 
with economies of a most excellent order. 
Operating results attained by these plants have 
been most satisfactory. The trend at the pres- 
ent time is uncertain but it would appear that 
both ranges, 400 to 750 Ib. and 1,200 to 1,800 
Ib., will be used in succeeding designs, while 
the critical pressure type will continue to be 
most interesting. 


The development of the standard types of 
boiler for pressures as high as 1,800 |b. 
necessitating forged or welded drums has been 
successful, while the Benson and Loeffler types 
require no large size drums. Other drumless 
types of boilers are being considered and the 
engineer has the same variety of choice for the 
higher pressures as he has in the lower range. 


We are approaching the optimum economy 
in the use of heat in a steam power plant and 
it is not probable that major savings will be 
made without the discovery of some essentially 
new principle. 


Atco 4 Ossck 


Consulting Engineer, New York 
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Why Eulogize Ignorance? 


““@*OMETIMES, I have wondered if education does 

not hamper the pioneer. It is so full of warnings 
not to make the attempt. Ignorance may sometimes 
step in where wisdom fears to tread.” 

The Engineer of London thus quotes from an address 
recently given by a leading engineer of Great Britain. 

If this statement typifies British engineering 
thought, or, if it represents the consensus of any par- 
ticular engineering group; in fact, if it is anything 
more than an isolated personal opinion—it merits 
refutation. 

The cumulative efforts of centuries have brought 
to modern engineering a rich heritage of experience. 
Education provides for the study and recapitulation 
of these experiences of the past and in the process 
we acquire knowledge which enables us better to 
build for the needs of the future. 

Ignorance, on the other hand, discounts all tradi- 
tional experience and starts each generation at scratch 
—no further ahead than its predecessors. 

Perhaps long years ago, when ignorance was com- 
mon, ignorance was no serious handicap to advance- 
ment, but today, when knowledge is universal, 
knowledge is indispensable to progress. 

Three hundred years ago, when Galileo first swept 
the heavens with his telescope, each new position 
of the instrument brought countless stars into vision 
for the first time. 

Today the star fields of lesser magnitude have all 
been surveyed, and he who would find new stars must 
first equip himself with a telescope of sufficient 
strength to reach beyond the limitations of the past. 

When the sum total of human knowledge was 
small, men on blind errands occasionally blundered 
onto worth while achievements. 

Thus, Columbus sailed forth seeking the Indies 
and discovered America, the age old search for per- 
petual motion yielded many ingenious mechanical 
movements, while the alchemists in their untiring 
efforts to transmute base metals into gold and silver, 
compounded an endless array of valuable alloys. 
These pioneers, living in an era characterized by 
ignorance, found ignorance no hardship. 

The outstanding physicist of two centuries ago 
climaxed his work by defining the law of gravitation. 
This is where the modern technical student begins. 
The average boy studying physics in high school has 
a better basic knowledge of electricity than had the 
college graduate of a generation ago. 

Life today moves at a rapid tempo. 

Modern engineering is a complex structure that has 
long since passed the stage where mere native in- 
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genuity and digital dexterity can contribute appreci- 
ably to its advancement. 

The modern pioneer who seeks to raise the stand- 
ards of engineering must bring to his work the best 
of modern tools—chemistry, metallurgy, physics and 
mathematics—and the ability to use them intelli- 
gently. He must be adept at research and capable of 
translating test results into rational relationships so 
that he may apply his knowledge of known applica- 
tions to the solving of new problems. 

The span of human life is too short to permit the 
devoting of any time to duplicating the mistakes of 
the past. The blind blundering of ignorance inevit- 
ably leads to wasted time, wasted money and wasted 
opportunity. 

Knowledge not only is power—it is the basis of 
progress. Engineering advancement can no longer 
be whittled out with a jack-knife. 





Association Work— 
An Obligation, An Opportunity 


OETHE, the great German author and poet, 
once said that the sources of his thought were 
sO numerous that one who traced them out would 
find it difficult to attribute any originality to him. 
Here was a man whose genius and creative powers 
won him universal recognition and yet he felt com- 
pelled to admit that his originality was second- 
hand,—that it was derived from the accumulated 
knowledge and thought of preceding centuries. 

Man of himself is futile. His power of accomplish- 
ment is the result of his ability to understand and 
use the knowledge which is the heritage of all 
humanity. It is the development of this ability, en- 
abling the individual to take advantage of all that 
others have learned about the things in which he is 
interested, that has made possible the rapid progress- 
of recent centuries in all fields of human endeavor. 

Today the interchange of knowledge and experi- 
ence has become a highly developed technique. 
Leaders in all fields of thought have learned the value 
of cooperation and collaboration. 

No better instrumentality is provided for extend- 
ing the usefulness of up-to-the minute information 
than our various societies and associations. 

Every engineer should regard association activity 
as an important part of his work. The heads of or- 
ganizations should encourage their employees to 
attend association meetings and contribute of their 
knowledge and experience. Those who follow this 
policy will receive as much, or more, than they give. 
The benefits are mutual and far reaching. 
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Determination of the Economical Size 


of a Natural Draft Chimney 


By J. G. MINGLE 


Indianapolis,“Ind. 


HE chimney in a steam boiler plant is one of the 
most important parts of the entire installation, 
yet, as a general rule, very little attention has been 
paid either to determining its proper, and also 
economical, size or to its relation to the other parts 
of the plant. The size of the great majority of chim- 
neys which have been built in the past has been 
determined by the aid of a table of chimney sizes 
based on boiler horsepower. After the maximum, or 
ultimate, horsepower of the boilers had been ascer- 
tained, the size in the table corresponding to this 
figure was then selected. Generally, no further 
attempt was made to investigate the performance of 
the size selected to determine if the height was sufhi- 
cient to create the required amount of draft necessary 
to overcome the various losses of draft throughout 
the installation outside of the chimney itself and 
also if the diameter, or area, was sufficient to enable 
the structure to quickly and economically take the 
gases away from the furnace and discharge them to 
the atmosphere. It is the purpose of this article to 
develop a system of determining the economical size 
of a natural draft chimney which will take into con- 
sideration all of the operating conditions to which 
the chimney will be subjected. 

In designing a new chimney of the natural draft 
type, it must be decided, first of all, whether the 
chimney is to be the sole producer of draft, or 
whether some auxiliary, such as a blower or an in- 
duced draft fan, is to be used in the production of the 
required amount of draft demanded by the operating 
plant. It has become the usual procedure, in design- 
ing central station and other large plants, to use a 
combination of a chimney and a fan to produce the 
required draft: the chimney being of sufficient size 
to produce the necessary draft to overcome the re- 
sistances, or losses of draft, through the boiler and 
accessories and the fan of sufficient size to. produce 
the draft to overcome the resistances through the 
pit, grates and fuel bed, the capacity in both cases 
being such that either type of pressure transformer 
will handle the gases from the boilers when they are 
operated at their maximum rating. In the great 
majority of the plants where chimneys are used at 
all, they are used to the exclusion of all the other 
*All rights reserved by the Author. 
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The author points out the fallacy of the prac- 
tice, all too frequently followed, of basing chim- 
ney sizes upon boiler horsepower. He then 
discusses the factors upon which such size de- 
terminations should be based and presents equa- 
tions for arriving at the correct diameter and 
height of stack for the particular conditions to 
be met. Emphasis is placed on the importance 
of gas velocity as a factor having a consider- 
able bearing on chimney cost. In order to 
demonstrate the use of the methods and equa- 
tions presented, a hypothetical example is given 
and worked out. 


types of draft production and create the entire amount 
of draft necessary to overcome all of the resistances 
encountered throughout the entire plant. 

In general, the operating conditions which must be 
considered in designing a natural draft chimney may 
be summarized as follows: 

. Atmospheric temperature 
. Chimney gas temperature 
. Chimney gas density 
. Altitude of plant 
. Required draft consisting of: 
a. Draft loss through the fuel bed and grates 
b. Draft loss through the boiler 
c. Draft loss through the accessories 
d. Draft loss through the breeching 

6. Amount of gases to be handled by the chimney. 

Speaking in general terms, the height of a properly 
designed natural draft chimney is dependent upon 
the amount of draft required to overcome the various 
resistances offered to the flow of gases throughout 
the entire boiler plant installation, or such part of it 
which the chimney is to serve, and also the tempera- 
ture differential between the chimney gases and the 
atmosphere. The area, or diameter, is dependent 
upon the amount of gases generated and passing 
through the installation and also the temperature 
and velocity of these gases. The atmospheric pres- 
sure corresponding to the altitude and the density 
of the gases affect the size to a relatively small ex- 
tent. The various losses of draft throughout the in- 
stallation vary as the square of the velocity of the 
gases and, hence, the height is also affected by the 
chimney gas velocity. 

Based on an analysis of the performance of a 
natural draft chimney, the equations for the height 
and diameter may be stated as follows: 
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in which: 

D = minimum diameter, ft. (most chimneys are 
built circular in section) 

D, = Required draft, in. of water 

H = required height aboye the grate bars, ft. 

V = chimney gas velocity, ft. per sec. 

W = amount of gases generated and passing 
through the chimney, Ib. per sec. 


T. = chimney gas temperature, deg. abs. 
T. = atmospheric temperature, deg. abs. 
B. = atmospheric pressure corresponding to al- 


titude, in. of Hg. 

W, and W.. = density of the atmosphere and chim- 
ney gases, respectively, at o deg. fahr. and sea level 
atmospheric pressure, and f = coefficient of friction. 

These two equations may be simplified as follows: 
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in which Ka, Kp, K. and Ka = constants representing 
the various combinations of values of the chimney 
gas temperature, atmospheric temperature, chimney 
gas density and atmospheric pressure corresponding 
to altitude, among others. 

Reference to these two equations will disclose the 
fact that the velocity appears as a positive term in 
the numerator and as a negative term in the denomi- 
nator of the equation for-the required height, and as 
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Fig. 1—Variation in diameter and height for different gas 
velocities, based on operating conditions given in example. 


a positive one-half power term in the equation for 
the diameter. Hence, it is quite apparent that the 
height will be comparatively low and the diameter 
comparatively large when a relatively low value for 
the velocity is assumed. On the other hand, when a 
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relatively high value for the velocity is assumed, the 
height will be comparatively great and the diameter 
comparatively small. Any value for the velocity, 
reasonably assumed, will result in a size of chimney 
which will answer the purpose and fulfill all require- 
ments, provided all of the other factors appearing in 
both equations have been taken into consideration. 
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Fig. 2—Variation in values of HD for different gas 
velocities. 


All of the factors appearing in equations 1 and 2, 
with the exception of the chimney gas velocity, can 
be either observed or values can be computed for 
them to a fairly close degree of accuracy. In order 
to arrive at some definite size, it is, of course, neces- 
sary to assume an arbitrary value for the velocity. 
From a theoretical standpoint, there are as many 
different sizes of chimney, that is to say combinations 
of height and diameter, for any one set of operating 
factors as there are values of velocity to be assumed. 
In order to limit the range of choice in the selection 
of a value for the velocity, it is necessary to establish 
some method or criterion as to the cost of the chim- 
ney structure, since the relative cost should determine 
which size of any number of choices will be built. 
It is quite obvious that, all other factors being equal, 
a short chimney will cost less than a tall one, and, 
likewise, one with a small diameter will cost less 
than one with a large diameter, speaking in relative 
terms in each case. Now the selection of the rela- 
tively cheapest structure becomes quite easy when the 
choice is limited to any number of heights with the 
same diameter, or to any number of diameters with 
the same height. However, when there are several 
different heights, each with a different diameter, 
the selection of the relatively cheapest size is by no 
means easy and the task becomes increasingly difficult 
as the number of proper sizes is increased. 

The volume of material in the shaft of a chimney 
structure is given by the approximate equation: 

Qe =r,DtH (5) 


in which Q. = volume of shaft 
D = median diameter 
t = wall thickness 
H = length of shaft 
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_ For all practical purposes, the median diameter may 
be assumed to be equal to the inside diameter of the 
chimney. The value of t will not vary appreciably 
within the range of sizes for any one set of operating 
conditions, provided the velocities are reasonably 
assumed. Hence, for all practical purposes, the value 
of xt will be constant regardless of the size. There- 
fore, in general, the volume, and consequently the 
cost, may be based on the factor HD as a criterion. 
The economical designing velocity of the chimney 
gases is that velocity which will result in a combina 
tion of a height and a corresponding diameter of a 
chimney whose cost will be less than that of any 
other combination of height and diameter as deter- 
mined by any other velocity. From the foregoing, it 
will be seen that the relatively cheapest structure 
and also the least velocity will be attained when the 
height is least. Likewise, the relatively cheapest 
structure and the greatest velocity will be attained 
when the diameter is least. Stated in other words, 
a comparatively low velocity will insure a relatively 
cheap structure insofar as the height is concerned 
while a comparatively high velocity is required to 
insure a relatively cheap structure insofar as the 
diameter is concerned. Hence, it is necessary to find 
such a velocity for any one set of operating condi- 
tions as will result in a structure whose height will 
not be too great nor the diameter too great and at the 
same time result in the relatively cheapest structure. 
Therefore, the value of the chimney gas velocity 
which will result in the least value of HD will pro- 
duce a structure whose cost will be least and, as a 
result, will be the most economical velocity to use. 
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Fig. 3—Values of Ve for various values of W and Dr as 
determined from equation 8. 


P The problem at hand is to deduce an equation for 
the chimney gas velocity which will result in a 
combination of height and. diameter whose product, 
HD, will be least. 

Substituting equation 3 in equation 4 and reducing 
and then taking the product of the two: 
: D, K? + K, K? V? 
~ Kp Ka V —4K- V3 





HD (6) 
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Equation 6 gives the value of HD in terms of V and 
a series of constants representing combinations of 
various operating factors. When proper values for 
these constants have been determined and the results 
for the equation plotted, it will be found that the 
value for HD will gradually decrease as the assumed 
chimney gas velocity increases until a certain mini- 
mum has been reached after which the value of HD 
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Fig. 4—Values of D for various values of W and Ve as 
determined from equation 9. 


will increase. There will then be a minimum value 
for HD for a certain value of V. (See Fig. 2). The 
value of V corresponding to the minimum HD is the 
economical designing velocity. This velocity will 
result in a size of chimney whose value of HD will 
be least, and whose cost will be less than that of 
any other size as determined by any other velocity. 

The equation for the value of V for a minimum HD 
is found by differentiating equation 6 with respect to 
V and equating the resulting equation to zero. After 
this has been done and the proper factors substituted 
for the various K constants, the following equation 
results: 
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(=: ~ ye F. 40 
VAt TJ) Vw, (7) 
in which V. = economical designing velocity, ft. per 
sec. 

This equation is indeterminate in that it contains 
the factor V whose value is being sought. A fairly 
close approximation for a trial value may be had by 
assuming V} = 304 = 5.5 after which another 
trial value corresponding to the value obtained by 
the first trial will usually result in the equation being 
satisfied. 

After the value of the economical designing 
velocity has been found, the economical height and 
diameter may be found by substituting this value, 
among the others representing the operating condi- 
tions, in equations 1 and 2. 

Example. Determine the economical size of a natural 
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draft chimney for the following operating conditions: 
1. Average chimney gas temperature, 500 deg. 
fahr. T. = 960 
2. Mean atmospheric temperature, 62 deg. fahr. 
To = §22 
3. Sea level atmospheric conditions. Bo = 29.92 
4. Chimney gas density, 0.09 lb. per cu. ft. atodeg. 
fahr. and Bo = 29.92 We = 0.09 
5. Total draft loss through the fuel bed, grates, 
boiler, accessories and breeching, 1.25 in. of 
water. D, = 1.25 
6. Maximum amount of gases to be handled, 100 
lb. per sec. W = 100 
7. Coefficient of friction, 0.0.016. f = 0.016 
8. Density of atmosphere, 0.0863 Ib. per cu. ft at 
o deg. fahr. and Bo = 29.92. Wo = 0.0863 
Substituting the proper values in equation 7 and 
reducing: 
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Va = ° { 
“mt 0.00104 V3 


Assuming V* = 303 = 5.5, then: 
Ve = 17 


+ 0.00224 





I 





0.00§71I + 0.00224 = 30.4 


The assumed value for V? was fairly close to the 
real value and the economical velocity for the operat- 
ing conditions noted, therefore, is 30.4 ft. per sec. 

Substituting the proper values in equation 1, then 
for an economical designing velocity of 30.4 ft. per 
SeC.: 








ge 96000 
D = 0.288 82 = 9.9 


Finally, substituting the proper values in equation 
2, then for an economical designing velocity of 30.4 
ft. per sec.: 


5.25 + 0.12 
= 248 
0.0063 I — 0.00077 





Hence, the required size of chimney required for 
the operating conditions noted, based on an economi- 
cal designing velocity of 30.4 ft. per sec., is 248 ft. 
X 9.9 ft., or practically 250 ft. x 10 ft. 

Fig. 1 shows the variation in both the diameter 
and the height for various velocities for the operating 
conditions noted in the example and Fig. 2, the varia- 
tion in the values of HD for the corresponding velo- 
cities. These figures graphically illustrate the 
theoretical matter developed in the text and disclose 
the great variation in the size of chimney for any one 
set of operating conditions. 

Equations 1, 2 and 7 appear, at first sight, to be 
rather cumbersome to handle but the numerical re- 
ductions, after the substitutions have been made, are 
comparatively simple and can be done with ease and 
facility with the aid of a slide rule. 

These three equations, however, may be consider- 
ably simplified for general use by assuming the fol- 
lowing general average operating conditions: 
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Mean atmospheric temperature of 62 deg. fahr. 
To = §22 

Average chimney gas temperature of 500 deg. fahr. 
» = 960 

Sea level atmospheric pressure of 29.92 in. of Hg. 
B, = 29.92 

Constant coefficient of friction of 0.016. f = 0.016 

Chimney gas density of 0.09 at o deg. fahr. and 
B, = 29.92 We = 0.09 


Substituting these values in equations 1, 2 and 7 and 














reducing: 
I 
Ve = 51 |3.8 V3 I (8) 
wv Tk 

gs W ) 

D = 5.44 y~ 

onan D, + 0.000129 V? 
0.00000827 V2 (10) 





0,0063 4 — D 
Fig. 3 gives the values of V. for various values of 
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Fig. 5—Values of H for various values of Dr and Ve for 
a constant dia. of 10 ft. as determined from equation 10. 


W and D, as determined from equation 8: Fig. 4, 
values of D for various values of W and V, as deter- 
mined from equation 9: and Fig. 5, values of H for 
various values of D, and V, for a constant diameter 
of ro ft. as determined from equation 10. These three 
equations and figures should be used cautiously inas- 
much as they give results which are true only for the 
(Continued on page 40) 
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from Terminal Pewier Stations 


By PAUL E. ROLL, The Texas and Pacific Railway Company, Dallas, Tex. 


Substantial savings are being effected in rail- 
road terminals by using steam from stationary 
plants to bring locomotives up to working pres- 
sure. This method is a comparatively recent de- 
velopment which, according to the author, is now 
being used in about thirty engine houses. Obvi- 
ously it necessitates that stationary plants provid- 
ing this service must be extremely dependable and 
must be designed to meet fluctuating load de- 
mands. In addition to fuel economy and a con- 
siderable time saving, there are a number of other 
advantages, all of which the author discusses in 
this interesting article. 


he keen industrial competition of the past few 
years has directed the attention of several progres- 
sive railroads toward the stationary power plant as 
one of several means of increasing efficiency, reducing 
Operating expenses, and improving transportation 
service. 
Although developments in the design of the steam 
locomotive have continued to increase its tractive 
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Side view of locomotive showing pipe 
drop connection to locomotive blow- 
off cock, 
steam, hot water filling, washing and 
blow-off mains, and overhead valve 


Dyrect Steaming 
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operating mechanism. 
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effort and improve its fuel efficiency, there has until 
recently been little improvement in the methods em- 
ployed to produce a working steam pressure in a 
locomotive boiler in the enginehouse, preparatory to 
dispatching the locomotive in train service. 

The process of raising steam pressure in the loco- 
motive, or in the language of the enginehouse em- 
ployee, “‘getting her hot,’’ has consisted of filling 
its boiler with warm water, laying and lighting 
fire on the grates or lighting the oil burner, the neces- 
sary draft being produced by use of a live steam jet 
ejector in the stack, called the blower. The time 
required to obtain 125 Ib. pressure in the boiler in 
this manner varies from 45 min. to 2 hr. , depending 
on the temperature of filling water, capacity of the 
locomotive boiler, atmospheric temperature, mois- 
ture in solid fuels or temperature of liquid fuel. 
Steam consumed by the blower is a considerable item, 
averaging 3,500 lb. per hr., and has been furnished 
from stationary boilers. The draft secured through ° 
the use of the steam blower has been unsatisfactory, 
particularly if fuel is not in condition to ignite 
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readily, and the deficient dratt has produced a very 
low efficiency from the fuel burned in the locomotive 
fire box. The noise of the stack blower and the ac- 
companying discharge of steam, smoke and gases, 
has been very objectionable, and the lighting of 
fires in the enginehouse always constituted a serious 
fire hazard. 

About thirty enginehouses are now equipped with 
direct steaming systems to improve efficiency and 
secure economy in fuel consumption, and to eliminate 
smoke nuisance, and improve working conditions in, 
and general living conditions near, the engine 
terminals. 

A direct steaming system consists of piping to 
transmit high pressure steam direct from the sta- 
tionary boiler plant to the boilers of locomotives in 
the enginehouse, and is used in conjunction with the 
usual boiler washing plant installation. In the 
operation of the direct steaming system, the fire in 
the locomotive is extinguished or dumped and the 
grates and ash pan cleaned before the locomotive 
enters the enginehouse, into which it is propelled 
by the steam remaining in its boiler when it arrives 
at the locomotive terminal after bringing in its train. 

After the locomotive has been inspected and 
‘spotted’’ in a stall in the enginehouse, a flexible 
hanging 2 in. pipe drop is connected to the locomotive 
blow-off cock. The flexible drop performs a com- 
bination of services, being connected through valves 
to overhead steam main, blow-off main and filling 
water main. The boiler is emptied for washout by 
opening the valve between the drop and the blow-off 
main and opening the blow-off cock on the loco- 
‘motive. Steam blown off from the locomotive is 
utilized to heat fresh water for refilling outbound 
locomotives and the water blown down, after re- 
moval of sludge, is used to wash locomotive boilers. 

When the boiler has been washed out, necessary 
repairs made and is ready to fill with water and 
steam, a 2 in. valve in the overhead connection to the 
flexible drop is opened and steam from the stationary 
plant is admitted to the empty boiler to heat it 
uniformly and avoid temperature stresses. After 
about three or four minutes the valve in the overhead 
filling water main is also opened and a mixture of live 
steam and hot water flows into the boiler through 
the flexible drop and the locomotive blow-off cock, 
until the water level appears at the bottom of the 
gage glass. The water valve is then closed and the 
admission of steam continued until the desired work- 
ing pressure is obtained in the boiler, when the main 
2 in. steam valve is closed. A % in. by-pass or floating 
valve is also provided through which constant pres- 
sure can be maintained in the boiler for an indefinite 
time. If it is not necessary to empty a boiler for a 
washout or repairs, then the floating valve is used 
to hold the steam in the locomotive at constant pres- 
' sure until it is dispatched. If the locomotive is held 
for a period of several hours, by means of the floating 
valve, and an excess of water accumulates due to 
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condensation, the valved connection to the blow-off 
main is opened and the water blown-down to the 
desired level. When the locomotive is ready to 
dispatch, all overhead valves and the blow-off cock 
are closed, the flexible drop disconnected, and the 
locomotive moved out of the house on its own 
steam, but fires are not lighted until it reaches the 
outbound spot or ready tracks. 

Stationary boilers supplying steam should operate 
at 250 lb. per sq. in. pressure, although there are a 
few engine terminals operating with a pressure as low 
as 150 lb. with a corresponding increase in the length 
of time required to obtain a suitable working pres- 
sure in the locomotive boiler. 

The temperature of filling water should be at least 
170 deg. fahr., most modern boiler washing plants 
supplying filling water to the enginehouse at or above 
a temperature of 180 deg. fahr. 

The quantity of steam and time required to fill a 
locomotive boiler with the direct steaming method 
necessarily varies at different terminals. The several 
factors involved are,—capacity of stationary and 
locomotive boilers, pressure in stationary boiler, 
working pressure obtained in locomotive boiler, and 
difference between temperature of filling water and 
atmospheric temperature, producing corresponding 
radiation losses in piping and locomotive boiler. 





Side view of Texas type locomotive showing overhead direct 

steaming, filling and wash water, blow-off mains, combina- 

tion pipe drop connected to locomotive blow-off cock, and 
valve operating arrangement. 


Tests were conducted at the Lancaster Yard Engine 
Terminal of The Texas and Pacific Railway Company, 
where stationary boilers are operated at 225 Ib. 
pressure, which developed that with an average of 
10700 |b. of steam at an initial rate of 15000 lb. per 
hr., gradually decreasing as pressure in locomotive 
and stationary boilers equalized, an average time of 
43 min. was required to bring a steam locomotive 
with a boiler capacity of 5000 gal., to a working 
pressure of 125 Ib. 
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At the same terminal, tests were made to ascertain 
the quantities of fuel and time required under similar 
conditions to obtain a working pressure of 125 lb. 
in the locomotive boiler by the usual method of 
burning fuel oil in the locomotive firebox and using 
steam from the stationary boiler plant for blower 
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eliminates the necessity for smoke jacks and the 
serious objections to concrete roofs for enginehouses 
which otherwise exist. Better lighting 1s made pos- 
sible by the ability to use and maintain white paint 
throughout the interior of the enginehouse. Work- 
men employed in the engine house appreciate the 








Broadside view of Texas type locomotive being steamed up in Lancaster yard enginehouse at night. Although enginehouse has 
been in operation over two years, it has not been necessary to repaint white columns and roof. 


stack draft, as compared with supplying steam to the 
locomotive boiler by the direct steaming method. 
The results showed thatghe fuel saving was 20.3 per 
cent and the time saved was 34.8 per cent by use of 
direct steaming. The estimated annual fuel saving on 
basis of these tests was equal to 22 per cent of the 
investment in direct steaming equipment and the 
additional stationary boiler capacity required for 
direct steaming. 

The fuel saving is the result of the higher efficiences 
obtainable from stationary plant boilers, as compared 
with the relatively low efficiency of a locomotive 
firebox using a live steam stack blower to produce 
draft in the enginehouse while building up steam 
pressure. 

In some localities, more substantial fuel savings 
have been accomplished by burning lower grade and 
cheaper fuels under the stationary boilers than it was 
possible to burn in locomotive fireboxes. 

Direct steaming has effected other savings more 
difficult to evaluate such as uniformly heating all 
parts of the locomotive boiler and firebox water 
legs, thereby avoiding temperature stresses, increased 
utility of locomotive and enginehouse due to de- 
creased time required for steaming, and the improved 
efficiency of a locomotive when dispatched with flues 
free from the soot which accumulates when fuel is 
burned in the firebox with the inadequate draft avail- 
able from the stack blower. 

The hazard of fire, always present when fires are 
lighted inside the house, is entirely eliminated. 
Absence of smoke and gases materially increases the 
life of piping and structural steel in the house and 
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absence of smoke, soot, gases and noise and the 
generally improved working conditions and lighting 
and have demonstrated that their efficiency has in- 
creased in the absence of the former disagreeable 
conditions. 

Where smoke abatement ordinances are in effect, 
the use of direct steaming has fully satisfied the 
authorities in charge of smoke prevention. 

With the use of direct steaming, the power plant 
assumes a new responsibility and greater importance 
at the railroad engine terminal for it is truly the 
“Heart of the Terminal’’. The boilers must meet 
highly fluctuating loads and perform their service 
constantly or the result is delayed dispatching of 
motive power and disrupted train schedules. 

The direct steaming systems installed are‘ using 
both straight and bent water tube boilers, most of 
which are designed for 200 Ib. to 250 Ib. per sq. in. 
working pressure. 

Coal, oil or gas fuel is being burned, the most 
economical fuel available at the site of the plant being 
used. 

Practically all of the boiler installations were 
made especially for direct steaming as few of the 
older plants at engine terminals had sufficient 
capacity or were designed for the pressures required 
for direct steaming. 

The employment of the system of direct steaming 
is just One of the many progressive forward steps 
that the railroads of this country have taken since 
the War in their effort to increase their operating 
efficiency, and improve their service to the Ameri- 
can Public. 
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Furnace Design and Equipment 


for Generating Steam with Wood Refuse Fuels 


By A. R. SMITH 


Combustion 
Engineering 
Corporation 


NEW YORK 


TITEMPTS of the past to use coal-burning 

stokers of conventional types to burn hog fuel 
have not met with success. While, in some instances, 
a measure of success has been reported, generally 
speaking, operating experiences indicate that a 
machine of radically different design is required. 
Whereas underfeed stokers have been so successful, 
with most classes of bituminous coals, that they have 
monopolized the field to the exclusion of overfeed 
types, the wood stokers that have met with favor 
have more closely approximated the latter in the 
essentials of their design. Since both wood and coal 
are solid fuels, it is of interest to note why coal 
stokers will not burn hog fuel in a satisfactory 
manner. 

With a traveling grate machine, difficulty is ex- 
perienced in distributing wood chips uniformly across 
the grate at the feed end. The result is that the fuel 
bed is unequal in thickness and, as a consequence, 
varies in its permeability to combustion air. A thin 
spot allows the passage of an excessive amount of air, 
reduces CO,, and adversely affects combustion effi- 
ciency. Areas heavily laden have an insufficiency of 
ait which may involve combustible losses, again 
reducing furnace efficiency. 

Underfeed designs of the single or multiple retort 
type are open to the same objections as noted for 
traveling grates; in fact, with underfeed stokers, the 
maintenance of a steady and uniform feed of fuel is 
impossible. Both types of mechanical stokers are 
subject to injury from stray foreign material due to 
the high operative speeds required to introduce the 
necessary amount of a low heat value, bulky material 
such as hog fuel. It is to be observed that both of 
these types of coal stokers may be used successfully 
for burning wood fuel in conjunction with coal, the 
remarks above being applicable only to the use of 
wood exclusively. 

A pronounced difference between wood and coal 
burning lies in the fact that the former is principally 
a surface process. The union of the combustible 
elements with oxygen takes place at or near the sur- 
face of the pile of wood with a large part of burning 
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The author’s previous article on the utiliza- 
tion of wood refuse fuels for steam genera- 
tion, published in October COMBUSTION, 
dealt with the nature of wood refuse fuels, 
the established methods of preparation and 
moisture removal, and the economy of hog 
fuel as compared with coal and oil. The 
present article describes the different types of 
equipment used for feeding and burning 
wood refuse and discusses furnace, arch and 
grate design as influenced by the moisture 
content and characteristics of various wood 
refuse fuels. 


being effected in the combustion chamber above the 
fuel bed as a union of gases. In coal combustion, the 
same union of volatile combustibles with oxygen is 
apparent but in lesser measure. Fixed.carbon, which 
forms a large proportion of coal, oxidizes within the 
body of the fuel bed. 

Wood stokers separate more widely two of the 
functions of any mechanical stoker: first, feeding or 
proportioning feed to steam demand, and second, 
moving the fuel through the combustion chamber to 
the point of ash discharge. Figs. 1 and 2 show 
respectively representative equipment as used to feed 
wood and as used within the furnace to maintain an 
even permeable bed, to move the fuel forward 
through the successive stages of burning and finally 
to discharge the ash. Fig. 1 may be termed a feeder 
and Fig. 2 a stoker though both together are required 
to fulfil the functions of a coal stoker. 


Feeding Methods 


Original designs of wood burning furnaces were 
crude affairs into which wood was manually intro- 
duced to the grates through openings in the sides of 
the settings. The stoke holes remained open a large 
part of the time and great volumes of excess air were 
passed through the furnace resulting in fuel waste | 
and damage to refractories. In addition, the V- 
shaped pile of fuel on the grates shielded the walls 
and the beneficial effect of incandescent brick-work 
was lost. Following this, extended furnace or dutch- 
oven designs were introduced with the fuel entering 
through one or more openings in the flat roof or arch 
above the grates. Combustion was improved by this 
change as the sides of the furnace became heated and 
served to drive off moisture. The hot side walls also 
aided in the ignition of the volatile materials re- 
sulting from the destructive distillation of wood. 
Following this development came the inclined grate 
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which made better distribution and more continuous 
operation possible. The lesser number of openings 
made the screw feeder arrangement of Fig. 1 more 
desirable. 

Returning to, a consideration of Fig. 1, note that 
the device consists essentially of three elements: first, 
a fuel storage bunker; second, a horizontal screw 
conveyor; and third, a star-wheel feeder. The screw- 
feeder receives its burden from the bottom of the 
bunker and moves it uniformally forward. The star- 
wheel device, moving in synchronism with the screw, 
delivers the fuel onto the grates. Agitators may be 
installed in the delivery spouts from the bunkers to 
assure free flow to the conveyor when handling wet 
wood chips. Such agitators may take the form of 
mechanical devices or may consist simply of com- 
pressed air jets so arranged as to destroy the keying 
of an arch of fuel formed at the bunker discharge. 
The entire apparatus may be arranged to operate 
automatically from pressure at boiler drum. 

The use of feeding devices of the type described is 
desirable for a variety of reasons. A seal is provided 
between the combustion chamber and the boiler room 
preventing admission of air needlessly and harm- 
fully. The seal prevents backfire into the fuel bunker 





Fig. 1—View of auxiliary bins and rotary feeders which fire 
refuse automatically. 


minimizing the hazard from fire and explosion. This 
type of feeder offers a steadiness of operation not 
obtainable by the manual introduction of fuel into an 
open stoke hole. It makes possible a closer control of 
air quantities as related to load, and lastly, reduces 
attendant labor in the boiler room. 

Wood-waste may be transported pneumatically 
from a point of production to the boiler room em- 
ploying a cyclone collector at the furnace to reduce 
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the quantity of air accompanying the fuel. In this 
case, the cyclone is spouted directly to the furnace. 
The same disadvantages are present as when open 
stoke-hole methods are used. The amount of air 
required to transport the fuel is obviously far more 
than needed for combustion and it cannot be suffi- 
ciently reduced by the collector. The production of 
shavings, dust, and the like, in the factory is seldom 
uniform so that some provision for accumulation 
before the furnace, such as a storage bunker, is 
required if output is to be maintained uniform. 


Wood Burning Furnace Design 


A survey of the extensive literature of wood burn- 
ing discloses a multiplicity of furnace arrangements 
and of combustion chamber shapes. This state of 
affairs can only be justified provided the nature of the 
wood fuel varies so that there can be no one best 
design, or if the physical requirements of the different 
types of boilers are such that variations are necessary. 
Both of these factors influence the problem of fur- 
nace design causing the various arrangements men- 
tioned. With reference to the first, that of fuel varia- 
tion, two distinct conditions are to be noted; first, 
the moisture content of the fuel, and second, the type 
and amount of the mineral content associated with 
wood-refuse. The first condition influences the shape 
and distribution of the refractory surfaces bounding 
and forming the combustion chamber, while the 
latter affects the design and position of furnace 
grates. The influence of the moisture content is so 
pronounced that it may be said that a furnace is de- 
signed to suit a given moisture condition, leaving 
out of account all other variables as of minor influ- 
ence and effect. 

The high hydrogen and surface moisture content of 
wood results in lower furnace temperatures than 
obtained in burning bituminous coal, lignite, or 
anthracite. Furnace temperature is depressed in a 
pronounced manner as the fuel surface moisture con- 
tent increases as shown on Chart A, Fig. 2, which 
appeared in the author's previous article on this sub- 
ject. (October issue). The chart, showing values for 
H (the direct measure of furnace temperature) makes 
calculation of furnace temperature possible and in this 
connection it is well to note the ignition tempera- 
tures of the various constituents of wood. Carbon 
requires a temperature of 900 deg. fahr., hydrogen 
1130 deg. fahr., carbon monoxide 1210 deg. fahr. 
The moisture content must be such that a furnace 
temperature in excess of these values shall be attained 
else excessive combustible losses will occur. 

Assuming the fuel moisture content to be such that 
adequate furnace temperatures may be attained, the 
designer has at hand another method for promoting 
complete combustion, namely, the use of the drop- 
nose arch or of partition walls running longitudinal- 
ly of the combustion chamber dividing the latter 
into two or more separate chambers depending upon 
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the number of walls employed. No matter which is 
used, recourse is being had to the effect of radiant 
brickwork as was done in the early stages of develop- 
ment when combustion chamber design evolved 
away from the covering up of the walls with fuel, 
as previously discussed. The drop-nose arch is of 
extreme importance where moisture content is high 
as the arch radiates heat back to the incoming fuel, 
dries it, protects the fire from the cold boiler surfaces 
which otherwise would prematurely abstract heat, 
and finally, radiates to the restricted stream of gases 
passing beneath it raising their temperature above 
their ignition point. 

A study of furnace temperatures at successive in- 
tervals away from a cool surface, such as a boiler or 
water wall, shows that the effect of absorption by the 
cool surface falls off rapidly as the distance away from 
the surface increases. The gases are to an extent im- 
permeable to radiation, and transfer by this process 
is accordingly reduced as the gas stream becomes 
thicker. The drop-nose arch thins the gas stream to 
such a degree that the effect of the radiant lip is 
effective throughout the entire stream, the tempera- 
ture of the entire mass of gas is raised to a point 
above the ignition temperature of the constituent 
substances and combustion proceeds completely. 
Partition walls serve the same purpose, as they are 
not required to radiate through so great a distance 
as the original bounding surfaces would be. It is at 
once apparent from the foregoing that the importance 
of radiant brickwork increases with increasing fuel 
moisture content. 

The second important element in furnace design 
has to do with premature chilling of the burning 
volatile gases. If the active fuel bed ‘‘sees’’ a con- 
siderable area of cool boiler tubes, the temperature of 
the burning materials will be prematurely depressed 
and if already at or near the ignition point of the 
constituent requiring the highest temperature, losses 
will occur. The designer should take this fact into 
consideration and so plan the furnace as to conform 
to the requirements of the fuel. The higher the mois- 
ture content of the fuel the greater must be the care 
employed to shield the flame from the tubes of the 
boiler. Increasing moisture content has been shown 
to depress furnace temperature; hence wet wood re- 
quires extended furnaces or arches to act as shields 
whereas dry wood requires no precautions of this 
nature. 

The third important consideration in furnace de- 
sign is combustion chamber volume, or, to put it 
another way, time. Referring to the dutch-oven 
drop-nose arch furnace shown in Fig. 3, let us assume 
that the portion of the furnace before the nose has 
served effectively to drive off moisture at the upper 
zone of the grate, that it has released. the volatiles 
further on down the grate, and finally that it has 
burned the fixed carbon of the fuel to CO, and CO 
at the lower portion of the bed of fuel. The initial 
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combustion chamber has acted as a gas producer. It 
remains for the drop-nose arch to elevate the tempera- 
ture of the gases above the ignition points of the 
constituents so that the combustible gases may unite 
with oxygen to complete combustion. If the boiler 
tubes followed immediately beyond the arch, com- 
bustion would cease by reason of the depression of 
temperature by the cold boiler tubes, and excessive 
losses would take place adversely affecting furnace 
efficiency. Such designs have been used and have 
been successful only because of the fortunate circum- 
stances that the producer section was large and the 
wood dry. Time is required for gases to mix and 
combine; hence volume must be provided. From an 
economic standpoint, a less expensive furnace is 
attained by the use of primary or producer section 
followed by a secondary or volatile burning section. 





Fig. 2—Full rear view of inclined grate of a type specially 
designed for burning wood refuse fuels. » 


Arches are expensive and involve higher maintenance 
than a combustion chamber for which the roof is 
formed by the boiler so that as a rule it is better 
in wet-wood furnaces to divide the work of combus- 
tion into two stages. 

Ideas as to the required furnace volume have gradu- 
ally been revised upward in the past. Whereas a few 
years ago 3 to 5 cu. ft. of furnace per rated boiler hp. 
was deemed sufficient, experience has shown that 
volumes of the order of 5 to 8 cu. ft. or more give 
justifiably better results. Expressed in terms of heat 
liberation per unit of volume, as used with reference 
to pulverized coal forms, 3 to 5 cu. ft. per rated hp. 
corresponds to from 37,200 to 23,300 B.t.u. per cu. ft. 
when an efficiency of 60 per cent and a rating of 200 
per cent are assumed. On the same basis, 5 to 8 cu. 
ft. corresponds to the more rational values of from 
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23,300 to 14,000 B.t.u. per cu ft. per hr. In making 
an analogy between the two fuels, however, care 
must be taken not to draw too heavily on the experi- 
ence with one when dealing with the other, and the 
differences in the two problems must be observed. 
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Fig. 3—Cross section of typical wet wood, drop-nose arch, 
flat grate furnace. 


Coal contains a high ash content so that slag forma- 
tion is an important criterion; the volatile content of 
coal is lower; furnace temperatures for a given heat 
liberation are higher; and lastly, the carbon content 
of wood fuel is not necessarily burned entirely in 
suspension and provision is made for its consumption 
on a hearth or grates. Wet wood, by reason of lower 
resulting temperature and consequent reduced rate of 
ignition and combustion, will require more furnace 
volume than dry wood. 

The fourth and last element entering into correct 
furnace design is the subject of turbulence, which, 
expressed another way, is the proper intermixture of 
gas and air to prevent laning or the passage of air 
through the furnace uselessly and detrimentally. 
Turbulence is an important element with wood quite 
as much as in the case of pulverized-coal burning. 
The drop-nose arch shows an advantage in this re- 
gard in addition to those already enumerated. When 
the nose is so arranged as to be at a point beyond the 
bridge-wall, and any other location is incorrect, the 
gases passing under it are directed downwardly which 
serves to set up turbulence within the stream and 
beyond the arch in the secondary combustion cham- 
ber. Without this arrangement, the air would pass 
through the furnace uselessly as it would have no 
Opportunity of mixing with the combustible gases. 
Furthermore, the air would be raised in temperature 
thus abstracting valuable heat from the system while 
the gases would carry unburned combustible to the 
stack; both losses would be chargeable to lack of 
turbulence. In a furnace of the type shown in Fig. 4, 
where no arches are employed, turbulence is obtained 
by the use of air jets. Air at high velocity enters the 
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furnace through the jets setting up swirls and eddies 
which bring about the desired mixing action. In the 
location of air admission ports, the feature of mixing 
is of importance and wherever possible jets should be 
located with a view to promoting turbulence. 


Comparison of Furnaces 


In the light of the foregoing, it is of interest to 
compare Fig. 3 and Fig. 4. The former is a typical 
wet wood furnace, the latter a design well adapted 
to dry wood. The extremes are illustrated. Both 
of these furnaces may be considered as ideal insofar 
as they adhere to the principles already laid down. 

In the wet-wood furnace, Fig. 3, a primary or 
producer section has been provided which affords 
ample incandescent refractory to dry the incoming 
fuel. A drop-nose arch extends beyond the bridge- 
wall, reflecting heat back upon the fuel bed, and 
directs the gas stream downward setting up swirls and 
eddies to promote intermixture. The gases in passing 
under the nose are elevated in temperature and are 
afforded opportunity and time to burn in the amply 
sized, secondary combustion chamber. The arch serves 
to shield the fuel bed from the first pass of the bent- 
tube boiler. Turbulence is further promoted by the 
admission of air at the back of the bridgewall. 

The dry wood furnace, Fig. 4, which in this in- 
stance is also designed for the use of pulverized coal, 





Air Ports for Use When 
Burning Wood 
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Fig. 4—Cross section of typical dry-wood burning furnace 
with lateral air-ports and no grates. This furnace is also 
designed for the use of pulverized coal. 




















employs no arches as the furnace temperature with 
dry material is sufficiently high to make this un- 
necessary. Wood is introduced at the front wall 
under the lower boiler header and falls through the 
furnace where a portion at least is consumed in sus- 
pension. The cross sectional area of the furnace is 
large so that the upward travel of gases is slow and 
particles are not swept out of the furnace. Ample 
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furnace volume is provided to afford time for com- 
bustion. Air ports are shown around the bottom of 
the combustion chamber at a height of about six 
inches above the floor. They are so arranged that 
they may be cleared by poking from the outside in 
case of stoppage. Such wood as falls to the flat floor 
is consumed at that point. The jets, supplied with 
air at about an inch water gage, set up the required 
‘urbulence, 

The furnace shown in Fig. 3 will successfully burn 
wood with a moisture content up to 60 per cent, 
while that of Fig. 4 is adapted to moisture values up 
to about 15 per cent. For moisture contents ranging 
between these values, a variety of successful furnaces 
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Fig. 5—Sectional elevation showing arrangement of typical 
inclined grate with standard grate bars. 


embodying the features of each of these, in greater or 
lesser measure, may be designed. No one furnace is 
correct for all waste wood any more than any one 
furnace is correct for all kinds of coal. The principles 
above cited apply to all furnaces for wood burning 
and all furnace designs should adhere to these 
principles. 


Wood Burning Grates 


The surfaces provided for hog fuel to rest upon 
during its combustion may be conveniently divided 
into three general types: first, the flat grate with air 
openings between the bars; second; the flat hearth 
with ports in the sidewalls; and third, the inclined 
grate with air openings between the bars. The last is 
the most recent innovation and has pronounced 
advantages. 
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It has been indicated that the combustion of wood 
proceeds in three general steps: first, the contained 
moisture is reduced by the reflected heat of the fur- 
nace; next, the volatile constituent elements are 
driven off by a process of destructive distillation; and 
lastly, the fixed carbon content is oxidized in part to 
CO and in part to CO,, the relative proportion being 
dependent upon circumstances. The relative amounts 
of fixed carbon and volatiles in wood do not vary 
sufficiently to affect the design of grates. Moisture 
content, however, again comes to the fore and it is 
to be noted that wet wood, by virtue of its slower 
combustion, requires more grate surface than dry 
wood. 

Fig. 3 illustrates the use of the first type of grate 
mentioned, namely, the flat grate. Fuel is introduced 
through the thimbles in the arch onto the grates 
where it forms conical heaps and combustion proceeds 
at the surface of the piles. Some air passes up 
through the bars the remainder being taken in 
through auxiliary air ports. The fuel bed should be 
carried thicker at the rear than at the front since air 
entering the front is more liable to be usefully used 
than that entering the rear. 

Fig. 4 shows the second type, namely the flat 
hearth, all air being taken in through sidewall 
ports. This type is best adapted to dry wood when 
the furnace is wide. The general scheme has been 
used with bagasse furnaces but in this application a 
more restricted combustion chamber is required. 

The inclined grate of Fig. 5 offers several distinct 
advantages. Fuel is introduced at the front of the 
grate and fewer feed thimbles are required. Distri- 
bution of fuel over the grates is assisted by gravity 
and gravity also aids in moving the wood through 
the furnace. It is apparent that most of the air en- 
tering the furnace of a flat grate installation will 
enter at the edges of the conical heaps, distribution 
over the grate being less uniform than with the in- 
clined grate even though a considerable number of 
feed openings through the arch is provided. The in- 
clined grate may be cleaned by means of a bar while 
under load. The inaccessibility of the flat grate 
makes cleaning almost impossible without shut- 
down. 

Associated with the ashes of wood are several 
compounds, such as sodium carbonate, which form, 
with silica, silicates of low fusion point. Silica is 
present in ashes, in greater or lesser measure, depend- 
ing upon the nature of the refuse. Saw-mill refuse 
will show a high content of silica when the logs 
have been floated down muddy streams, the bark 
assuming a burden of the solid materials found in 
the water. Manufactury wastes have less low-fusion 
point, slag-forming constituent and the necessity 
for grate bar cleaning while under load is less pro- 
nounced. A troublesome glass-like deposit forms on 
the grate bars when the slag content is high which 
seriously clogs the air passages. Grate bar inter- 
(Continued on page 55) 
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Application of the Second 


Law of Thermodynamics to 


Power Plants and Industrial Processes 


By WM. L. DE BAUFRE 


International Combustion 
Engineering Corporation 


NEW YOR K 


Mr. DeBaufre’s article in the November 
issue of COMBUSTION entitled, “Heat En- 
gines and the Second Law of Thermody- 
namics,” began a discussion which is con- 
tinued and completed in the present article. 
The preceding article gave definitions of the 
second law which were utilized as the foun- 
dation for this branch of the subject; and a 
simple mathematical expression was derived 
to represent the law. In the present article, 
the author advocates a new method for apply- 
ing the second law, involving a modification 
of the mathematical expression previously 
given, which permits the use of this law as a 
working tool in analyzing the performance of 
power plants and various industrial processes 
producing or consuming power in connection 
with the production or extraction of heat. The 
utilization of available energy and entropy 
in such analyses is explained. 


S mentioned in the introduction to the preced- 

ing article on ‘‘Heat Engines and the Second 
Law of Thermodynamics,’’ power plants are often 
analyzed in accordance with the first law of thermo- 
dynamics but the second law is applied in a limited 
way only to steam engines and turbines and almost 
never to power plants as a whole. 

The first law analysis accounts for each unit of 
energy involved in a power plant or other power 
producing or power consuming process; but such an 
analysis does not tell the whole story and may be 
misleading. Thus, it is often said that in a modern 
power plant, the boiler losses are small and the 
turbine losses large. This follows from the first law 
analysis which indicates the largest loss in a power 
plant to be the heat rejected to the cooling water in 
the condenser. From the standpoint of the second 
law, however, the loss in thermal efficiency of a 
power plant resulting from the heat rejected in the 
condenser is less than the loss in efficiency caused by 
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heat transfer in the boiler from the burning fuel and 
the products of combustion to the water evaporating 
into steam. The gain in efficiency by the use of 
higher steam pressures is due to a reduction of this 
second law loss in the boiler. 

A mathematical expression for the second law of 
thermodynamics was derived in the preceding article, 
namely, (T,—T:)/T:; where T, is the absolute 
temperature of a source from which heat is with- 
drawn by a perfect heat engine operating in a com- 
plete cycle between that temperature and the absolute 
temperature T, of a ‘‘source of cold’’ to which heat 
is rejected by the perfect engine. 

It was pointed out that this relation is of limited 
use because it can be applied only in cases where the 
source of heat remains at a constant temperature 
during the withdrawal of the heat which is utilized 
in the perfect heat engine. While this is true for the 
condensation of steam and other pure vapors under 
constant pressure, most sources of heat, such as the 
products of combustion in furnaces, change in 
temperature as heat is withdrawn from them. 

In order to apply the mathematical expression for 
the second law to cases where the temperature varies 
as heat is withdrawn, the above expression must be 
modified by substituting for the finite quantity of 
heat Q the infinitesimal quantity dQ withdrawn 
while the temperature may be considered to remain 
momentarily constant. The corresponding amount 
of work done will then be represented by dW instead 
of W. The variable absolute temperature at which 
heat is withdrawn from the source will be represented 
by T. The absolute temperature at which heat is 
rejected will be represented by T. because this 
temperature can generally be taken as constant and 
equal to that of the surrounding atmosphere or of the 
supply of cooling water to which heat is rejected. 


Available and Unavailable Energy 


If we define as available energy that portion of a 
quantity of heat dQ which can be converted into 
mechanical work dW by a perfect heat engine opera. 
ting in a complete cycle between the more or less, 
variable temperature T at which the heat is withdrawn 
from the source and the constant temperature T, at 
which heat is rejected, then 

Available energy, A dW -2* dQ 
The unavailable portion dQ, rejected by the perfect 
heat engine is given by 


Unavailable energy, dQ. 7 dQ 


3%. 








The ratio dQ / T was designated as dS by Clausius, 
who named the quantity S ‘“‘entropy’’ from a Greek 
word meaning transformation, because this quantity 
is important in the transformation of heat into 
mechanical work. Hence, 


Unavailable energy, dQ. = T. dS. 
Integrating between the limits S, and S., we have 

Unavailable energy, Q. = T. (S:— S;). 
That is, when the entropy of a source of heat changes 
from S, to S, as a quantity of heat Q is withdrawn 
therefrom, the portion T, (S: — S.) is unavailable 
for conversion into mechanical work by a perfect 
heat engine working in a complete cycle between 
the more or less variable temperature of the source 
of heat and the constant absolute temperature T, of 
the surrounding atmosphere or supply of coolng 
water to which this unavailable portion is rejected. 
The decrease in entropy of the source of heat is one 
factor in measuring the unavailable portion of the 
heat withdrawn, the other factor being the absolute 
temperature at which the unavailable portion is 
rejected. The available portion converted into 
mechanical work by a perfect heat engine is 


Available energy, AW = Q—Q,. 


When the source of heat is steam or some other 
substance of which the entropy is known, the calcu- 
lation of the available portion of the heat withdrawn 
is comparatively simple. Thus, let us calculate the 
available portion of the heat withdrawn from super- 
heated steam at 600 fahr. under 265 Ib. per sq. in. 
absolute pressure in condensing and cooling it to 
200 fahr., the temperature of ths condenser cooling 
water being 70 fahr. From Keenan's Steam Tables, 
the total heat of the superheated steam is 1316.0 
B.t.u. per lb. and of the water at 200 fahr. is 167.9 
B.t.u. per lb.; the entropy of the superheated steam 
is 1.6411 and of the water is 0.2938. Hence, 


Q = 1316.0 — 167.9 = 1148.1 B.t.u. withdrawn per 
lb. of steam. 

S: — Ss: = 1.6411 — 0.2938 = 
entropy of steam 

Te = 70 + 459.6 = 529.6 fahr. absolute 

§29.6 X 1.3473 = 713.5 B.t.u. unavailable per lb. 
of steam 

1148.1 — 713.5 = 434.6 B.t.u. available per lb. of 
steam 

The maximum possible efficiency of a heat engine 

operating in a complete cycle by withdrawing heat 

from the steam of the above example and rejecting 

heat at 70 fahr., is 434.6 / 1148.1 = 37.85 per cent. 

It may be noted that the heat withdrawn from the 

steam is supplied to the perfect heat engine at a 

temperature which varies first from 600 to the satu- 

rated steam temperature of 406 fahr., then remains 

constant at 406 fahr. as the latent heat is withdrawn 

and finally decreases to 200 fahr. If the error were 

made of substituting the initial absolute temperature 

of the steam for T, in the expression T, — T; / T,, 

the maximum possible thermal efficiency would 


1.3473 decrease in 
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apparently be 50.02 per cent instead of the true 
value, 37.85 per cent calculated above. 

For products of combustion and other substances 
of which the entropy is not tabulated, the calculation 
of the unavailable portion of the heat withdrawn 
may be based on the specific heat and the change in 
temperature of the source of heat. Let the specific 
heat-temperature relation for the particular material 
source of heat under consideration be C = a + bT 
+eT?+ etc. Then, 

Heat withdrawn, dQ = (a + bT + eT? + etc.) dT. 

Unavailable energy, 


ii, = (a + bT + eT: + etc.) dT. 


Available energy, AdW = dQ — dQ.. 
Integrating between the limits T, and T., we have 
Heat withdrawn, 


Qa —T) +2 v— TH) +2 —T) 


+ etc. 
Unavailable energy, 


Q, = a Teloge 2 + bT, CT, — T:) + 


= TeX Ta + ee. 


Available energy, AW = Q—Q.. 


When the specific heat C of the material source of 
heat may be assumed constant with a sufficient 
degree of accuracy for the results desired, the above 
relations reduce to 


Heat withdrawn, Q = C(T, — T:) 


1 


Unavailable energy, Qo = C T. loge = 


Available energy, AW = Q 
As an example of the application of these relations, 
let us calculate the available portion of the heat 
withdrawn from one pound of certain products of 
combustion for which the specific heat-temperature 
relation may be taken as Cp = 0.235 + 0.0000215 T 
in cooling from 2000 fahr. to 500 fahr., the tempera- 
ture of the atmosphere being 70 fahr. Then, 
Q ~= 0.235 (2460 — 960) 
+ 0.00001075 (2460? — 960?) 
= 407.6B.t.u. withdrawn per lb. of products. 
Qo = 0.235 X 530 loge (2460 / 960) 
+ 0.0000215 X 530 (2460 — 960) 
134.3 B.t.u. unavailable per lb. of products. 
407.6 — 134.3 = 273.3 B.t.u. available 
per lb. of products. 

The thermal efficiency of a perfect heat engine 
operating in a complete cycle between the variable 
temperature of the products of combustion and at- 
mospheric temperature is 273.3 / 407.6 = 67.05 per 
cent. The error sometimes made of substituting the 
initial temperature of the products of combustion for 
T, in the relation (T: — T.) / T: would give 
(2460 — 530) / 2460 = 78.46 per cent. instead of the 
true maximum of 67.05 per cent. 


AW = 
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Reversible Processes and Entropy Change 

So far, we have been dealing with reversible pro- 
cesses free from frictional resistances and direct 
transfers of heat between substances at different tem- 
peratures. We have been particularly concerned 
with an isolated system comprising a source of heat 
at absolute temperature T, a source of cold at abso- 
lute temperature T, and a perfect heat engine with a 
working medium operating in a complete cycle 
between T and T,, for which we have found that 

dQ AdW- dQ, 
Big cee 

where dQ is the quantity of heat withdrawn from the 
source of heat, A dW is the available portion of this 
heat energy converted into mechanical work and 
dQ, is the unavailable portion rejected to the source 
of cold. During this operation, the entropy of the 
source of heat is decreased by an amount dQ / T and 
the entropy of the working medium is increased a 
like amount. Also, the entropy of the source of cold 
is increased by an amount dQ, / T. and the entropy 
of the working medium is decreased a like amount. 
In accordance with the above relation, the decrease 
in entropy of the source of heat is equal to the in- 
crease in entropy of the source of cold, so that the 
change in entropy of the system as a whole is zero. 
This is representative of reversible processes, for 
which the total change in entropy of all substances 
involved is zero. 

Considering the working medium only in the per- 
fect heat engine above, the increase in entropy 
dQ / T during expansion from some initial to some 
final condition equals the decrease in entropy dQ, / 
T. during compression along a different path from 
the final to the same initial condition. From this we 
may conclude that the change in entropy of a sub- 
stance is the same along all reversible paths between 
given initial and final conditions. That is, change 
in entropy depends upon the initial and final con- 
ditions only of a substance, being similar in this 
respect to internal energy instead of to the heat 
added or abstracted, which depends upon the inter- 
mediate conditions. 

A misconception regarding entropy is that when- 
ever this quantity is dealt with, the second law is 
being applied. This misconception dates back to 
Clausius who selected the name entropy for S in de- 
fining this quantity by dQ/T = dS and gave dQ = 
TdS as the mathematical expression of his second 
general principle of the mechanical theory of heat. 
This relation can be taken as the mathematical ex- 
pression of the second law when dS represents the 
change in entropy of a source of heat and T represents 
the absolute temperature at which the heat dQ is 
rejected by a perfect heat engine operating between 
T and. the temperature of the source. But this 
mathematical expression does not represent the 
second law when dS is the change in entropy of a 
body at temperature T during the addition or ab- 
stration of a quantity of heat dQ. It is true that dQ= 
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TdS only when there are no irreversible changes 
within the body under consideration, such as internal 
friction occurring during flow through pipes or 
orifices; but reversible change does not constitute the 
second law. 

Thus, for the heat dQ added to or abstracted from 
a substance at absolute temperature T, we may sub- 
stitute in a reversible process the product of this 
temperature and the change in entropy dS of the sub- 
stance without thought of the conversion of heat 
into mechanical work or of the maximum possible 
work that could be performed by a heat engine oper- 
ating in a complete cycle between T and some other 
temperature. That is, neither the first law nor the 
second law is being applied. If the substance experi- 
ences a decrease in volume dV under pressure P while 
the heat dQ is added, then we could find the increase 
in internal energy dU by applying the first law, name- 
ly, dU = dQ + A P dV. But the mere substitution of 
T dS for dQ, obtaining dU = T dS + A P dV does 
not change the application from the first law to the 
second law of thermodynamics. The conception of 
a complete cycle as explained in the section on free 
energy, is required to give this expression a second 
law significance. 

To be reversible, a process must be conducted at 
the point of equilibrium so that it can be carried on 
in either direction without loss. Reversible pro- 
cesses are therefore impractical because there is no 
tendency for them to proceed. Actual processes must 
be conducted at some distance from the point of 
equilibrium in order that a driving force will exist 
to cause them to proceed at reasonable speed. Actual 
processes are therefore irreversible. 


Irreversible Processes and Entropy Change 


In actual irreversible processes, the total entropy of 
the system increases. Thus, in an actual heat 
engine, there are frictional resistances and direct 
transfers of heat between substances at different tem- 
peratures. In a direct heat transfer, no portion of 
the heat transferred is converted into mechanical 
work; hence, in an actual heat engine, the mechanical 
work produced must be less than that theoretically 
possible in proportion to the direct heat transfers 
occurring. Further, the mechanical work which 
may be applied to useful purposes is less than that 
produced by an amount equal to the work expended 
on frictional resistances, which convert part of the 
mechanical work produced back into heat at tem- 
peratures lower than that of the source of heat. 
Consequently, for a given amount of heat dQ supplied 
to an actual heat engine, the useful mechanical work 
dW’ will be smaller and the heat rejected dQ.’ will 
be larger than for a perfect heat engine. That is, 

A dW’ dQ dQ’... dQ 
TOT. T 7, OT 
If the working medium of the actual engine passes 
through a complete cycle, its net change in entropy 
will be zero. The increase in entropy of the source 
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of cold, hcwever, will be greater than the decrease 
in entropy of the source of heat, so that the total 
entropy of the system as a whole will be increased 
due to the presence of frictional resistances and of 
direct transfers of heat between substances at dif- 
ferent temperatures. | 

The increase in entropy of a substance during an 
irreversible change cannot be calculated from the 
actual heat added but must be based upon some 
reversible change assumed in place of the actual 
change. Any reversible change may be assumed since 
the change in entropy is the same along all reversible 
paths hetween given initial and final conditions. 

Irreversible changes may be said to proceed of 
themselves. Thus, bodies at different temperatures 
tend to become of a uniform temperature by direct 
heat transfers between them, and bodies in motion 
tend to be brought to rest by frictional resistances. 
Goodenough proposed for the second law of thermo- 
dynamics, the statement, ‘‘No change in a system of 
bodies that can take place of itself can increase the 
available energy of the system.’’ This statement 
evidently requires that a definition of available 
energy be first established, so that it cannot be used 
in place of the statement of Clausius or of Lord 
Kelvin to prove that the maximum possible efh- 
ciency of a heat engine is independent of the working 
medium. Neither is the statement of Goodenough 
susceptible of mathematical formulation to serve as 
a werking tool in engineering computations. 

We will therefore pass on to consider what be- 
comes of the mechanical work usefully applied by 
actual heat engines. There are many ways in which 
this work may be usefully applied; but if we investi- 
gate these useful effects,we find that eventually 
nearly all of the mechanical energy utilized in them 
is dissipated as heat by reason of irreversible changes, 
a negligible amount being stored up as potential 
‘energy in raised weights or as chemical or electrical 
energy. Thus, there is continually in progress a so- 
called degradation of available mechanical energy 
into heat energy which becomes unavailable by being 
dissipated into the surroundings with a corre- 
sponding increase in entropy of the bodies con- 
cerned. Clausius generalized this conclusion in the 
statement, ‘““The entropy of the universe tends 
towards a maximum.’ This statement is sometimes 
quoted as the second law of thermodynamics, but it 
serves no useful purpose either as a foundation stone 
for this branch of the subject or as a working tool 
for applying the subject. Also, the statement may be 
too general. 

There is a tendency today to question whether 
what is apparently true for an isolated system on this 
earth is also true for the universe as a whole. In- 
stead of the universe approaching a uniform tem- 
perature with all available energy lost by being 
submerged as heat energy below that temperature, 
there may be forces at work tending to increase the 
availability of energy. However, as such forces are 
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not in evidence in processes with which engineers are 
concerned on this earth, every irreversible change 
may be considered in engineering calculations as 
causing a corresponding loss of available energy. 


Loss of Available Energy 


The magnitude of the loss of available energy for 
any irreversible change may be found by subtracting 
the available energy calculated for the conditions 
after the change has occurred from the available 
energy calculated for the conditions before the 
change occurred. But as available energy is calcu- 
lated by subtracting the unavailable portion from 
the total energy withdrawn from the source of heat, 
it is simpler to obtain the loss of available energy 
from the increase in unavailable energy rather than 
from the decrease in available energy. 

As an example of loss of available energy, consider 
heat transfer in a boiler from the products of com- 
bustion to the steam generated. Assume the prod- 
ucts of combustion to be cooled from 2000 to §00 fahr. 
in generating steam superheated to 600 fahr. under 
265 lb. per sq. in. absolute pressure from feed water 
at 200 fahr. In preceding examples we have found 
that under these conditions, each pound of products 
of combustion gives up 407.6 B.t.u. and each pound 
of steam generated absorbs 1148.1 B.t.u. Neglecting 
the small first law loss due to heat passing through 
the boiler casing to surrounding objects, 1148.1 / 
407.6 = 2.817 lb. of products of combustion must be 
cooled for each pound of steam generated. The un- 
available energy for the products of combustion was 
previously calculated to be 134.3 B.t.u. per lb. 
Hence, the unavailable energy before heat transfer 
was 134.3 X 2.817 = 378.3 B.t.u. per lb. of steam. 
The unavailable energy after heat transfer is the same 
as previously calculated for steam, namely, 713.5 
B.t.u. per lb. of steam. The loss of available energy 
due to heat transfer is therefore 713.5 — 378.3 = 
335.2 B.t.u. per lb. of steam generated. This corre- 
sponds to a loss of 335.2 / 1148.1 = 29.20 per cent 
in thermal efficiency for this portion of the heat 
transferred. . 

By increasing the steam pressure from 265 to 1400 
Ib. per sq. in. absolute and the superheated steam 
temperature from 600 to 750 fahr., it may be shown 
by similar calculations that the loss of available 
energy is reduced to 21.39 per cent in thermal effi- 
ciency instead of 29.20 per cent for the lower steam 
pressure and temperature. The total gain of 7.81 per 
cent due to decreased heat transfer loss in the boiler 
cannot be realized in the thermal efficiency of the 
power plant as a whole by reason of increased second 
law losses in the turbine with higher steam pressure. 

It may be mentioned that the above second law 
losses in generating steam refer only to heat transfer 
in the convection banks of the boiler. Still larger 
second law losses occur in the furnace where greater 
temperature differences exist between the burning 
fuel and the steam being generated. Also, second law 
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as well as first law losses occur in the heat carried 
away by the products of combustion to the stack, in 
the heat lost by ‘‘radiation’’ from the boiler casing, 
etc. 

The second law method of analysis may be applied 
to power consuming processes as well as to power 
producing processes. In any case, the perfect heat en- 
gine is used as a measuring rod at each stage of the 
process, taking in heat from the substance at that stage 
and rejecting heat at the temperature of the atmos- 
phere or of the supply of cooling water. The decrease 
in available energy (increase in unavailable energy) 
between that stage and the next stage of the process 
corresponds to a loss in power produced or to a gain 
in power consumed by that step in the process. In 
no case is the fluid of the actual process assumed to 
be the working medium in the perfect heat engine. 
This distinguishes the method herein described for 
analyzing power plants from the usual method of 
utilizing the Rankine cycle as a measure of the 
maximum possible efficiency of steam engines and 
turbines. 


Free Energy 


The seccnd law of thermodynamics has been 
applied to various problems in physical chemistry, 
such as change of state of substances, gaseous mix- 
tures, liquid solutions, chemical reactions, elec- 
trolytic cells, etc., by assuming the actual irre- 
versible physical-chemical changes to be replaced by 
reversible changes and considering a complete cycle 
of events to take place. For example, chemical 
reactions tend to proceed until equilibrium is reached 
between the various components involved. The 
farther the conditions are from equilibrium, the 
greater is the driving force tending to cause the 
reaction to proceed. A measure of this driving force 
has been found in the maximum amount of work 
which could be performed if the final equilibrium 
condition were reached through a reversible change 
rather than through the actual irreversible chemical 
reaction. The value of this maximum work is deter- 
mined by application of the second law of thermo- 
dynamics which shows that at constant temperature, 
the external work must be the same for all reversible 
paths between given initial and final conditions; for 
if there were a difference, work could be obtained by 
conversion of heat drawn in from the surroundings 
by passing from the initial to the final condition 
along one reversible path and returning along an- 
other reversible path. That is, by application of the 
second law (as stated by Lord Kelvin) we derive the 
fact that the external work dW must be the same 
for all reversible constant temperature changes and 
equal to the value given by the first law relation 
dU = TdS + dW, or U:— U. = TG, —S,) + W; 
where U, — U, is the decrease in internal energy 
during the chemical reaction and S, — §, is the de- 
crease in entropy of the reacting substances, so that 
T (S, — S,) is the heat given out and W is the 
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external work produced as mechanical and electrical 
energy during the equivalent reversible change. 

In addition to taking place at constant tempera- 
ture, a chemical reaction may proceed under constant 
pressure and perform the mechanical work P (V, — 
V,) or at constant volume without performing any 
mechanical work. There has therefore been some 
confusion in the value of W to select as a measure of 
the driving force of the chemical reaction. Helm- 
holtz called W for the constant volume reaction, the 
‘“free’’ energy in comparison with T (S; — S:) which 
he called the ‘‘bound’’ energy. Many writers have 
accepted Helmholtz’s definition of free energy. But 
as constant pressure changes are more frequent in 
practice and more easily produced experimentally, 
Lewis and Randall have proposed giving the name 
“free energy’ to W for the constant pressure re- 
action. Eucken avoids this confusion by calling W,in 
the constant pressure relation, ‘maximum work.” 

Clapeyron’s Equation 

A physical-chemical relation of particular interest 
to engineers is that first derived by Clapeyron for the 
latent heat and specific volume of saturated steam 
and other vapors. To derive this relation, imagine 
a perfect heat engine operating with a saturated 
vapor as a working medium through a small tem- 
perature range AT between an upper temperature T 
and a lower temperature T— AT. Denote by L the 
latent heat of the vapor at T and let the working 
medium completely evaporate from liquid into vapor 
at temperature T. The heat taken in at T is then 
equal to L, and since the efficiency of the perfect 
heat engine is AT / T, the work done will be 
J L aT / T, where J represents Joule’s equivalent. 
Let the pressure change of the saturated vapor be 
AP corresponding to the temperature change AT. 
Since the pressure change AP is very small in com- 
parison with the change in volume from liquid V+ to 
vapor Ve, the work done is approximately equal to 
AP (Ve— Vs). Hence, JL AT /T = aP(Ve— Vb), 
or at the limit dT /dP = (Ve— Vi) T/JL. 
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Hinshelwood entitled, ‘“Thermodynamics for Stud- 
ents of Chemistry,’’ also, ‘‘Fundamentals of Physical 
Chemistry,’’ by Eucken, Jette and Lamer. 
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By 
A. R. MOBERG, Chemical Engineer, 


Elgin Softener Corporation, Elgin, Illinois 


What are your losses due to boiler blow-down? 
How can they be determined and what steps should 
be taken to reduce them to a minimum? Taking 
the concentration of soluble salts as a satisfactory 
criterion of blow-down requirements, the author 
presents simple formulas for the determination of 
the amount of these losses. Typical examples are 
given to show the use of the formulas. A later 
er will discuss means of reducing blow-down 
osses. 


gen mechanical energy is a direct product of the 
thermal quality of steam, efficiency of boiler 
operation must be determined upon the basis of steam 
quality as well as steam cost. Advancement in the 
mechanics of condenser, feedwater heater and 
economizer design has aided greatly in the conserva- 
tion of thermal energy. Stokers, powdered fuel 
systems and CO, recorders have been installed all 
with the intént of obtaining as many B.t.u. as pos- 
sible from the fuel consumed. 

The obnoxious and wasteful effects of boiler scale 
have been so evident that science has expended a 
great effort in the perfection of means and methods 
for its elimination. In fact, scale prevention is such 
an outstanding feature that the thought of boiler 
water treatment has become almost synonymous 
with scale prevention. Actually, efficient feedwater 
treatment must be vastly more than mere scale pre- 
vention. The visible evidences of the disastrous re- 
sults of corrosion, pitting and caustic embrittlement 
have caused these phases of boiler water correction 
to receive unusual attention in late years. One of the 
phases of boiler water correction that is not so super- 
ficially evident, but which, nevertheless, is extremely 
important from an economic standpoint, is the loss 
incurred at the blow-down valve. Of what ad- 
vantage is it to obtain the utmost in thermal ex- 
change efficiency if a large percentage of the water is 
to be lost? 

Priming and foaming are direct results of the con- 
centration of impurities in the boiler. All too fre- 
quently wet steam is produced with consequent loss 
in thermal efficiency, even though the water column 
shows no evidence of ‘‘wild water’’. The: chart 
shown in Fig. 2 gives a clear indication of the amount 
of such losses. To a certain extent many plants have 
faced the choice of two evils. They have either had 
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to blow down the boilers and suffer blow-down losses 
or allow the formation of wet steam and take the 
consequent losses. Then too, there is the danger of 
damage from carrying water into prime movers. The 
primary reason why this phase of boiler feedwater 
correction has received such comparatively little 
attention is because of the difficulty of using record- 
ing or integrating meters in the determination of 
such losses. 

Before any means can be taken to correct heat 
losses through the blow-off valve, it is necessary 
that we formulate some method of determining what 
the losses are. Concentrometers and hydrometers are 
used for determining concentration occurring in the 
boiler. The checking of the chlorides in the feed 
water against the chlorides in the boiler is another 
method that has wide use. However, until an actual 
cost determination is made of these losses, the need 
for corrective measures is not evidenced and it is for 
that purpose that subsequent formulas are presented. 

Suspended salts are not an accurate indication 
since they may lodge in the boiler as scale or as 
sludge. Soluble salts however are evenly distributed 
throughout the whole volume of water in the boiler. 
If we presume that the water is being treated for 
scale prevention with a reasonable degree of effi- 
ciency, we can take the concentration of soluble 
salts as the criterion of blow-down requirements. 
The amount of soluble salts that can be carried in any 
boiler without carry-over or priming is a distinctly 
variable factor. The type of boiler and the steam 
space are definite factors as is the size of the steam 
nozzle. The degree of fluctuation of the load and 
the rating at which the boiler is operated are also 
factors. In general we might say that from 150 to 
300 grains per gal. of soluble salts can be carried in 
the presence of some suspended matter and from 250 
to 500 grains per gal. in the virtual absence of sus- 
pended matter. The allowable concentration of 
soluble salts decreases very rapidly with the slow 
accumulation of suspended matter. Since soluble 
salts cannot be removed except through the blow-off 
valve and since suspended matter can, it is wise to 
make provision for the removal of suspended matter 
by means other than through the blowoff valve. 
Since the removal of solubles normally entails a dis- 
tinct economic loss, it is essential to keep the rate of 
concentration of soluble salts as low as possible. 
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In the formulas presented here, the following 
equations are used: 
W =Total boiler feed in Ib. 
V= Evaporation in lb. (A unit figure of 1000 may 
be used). 
S= Soluble content in makeup water. 
C= Concentration of soluble salts in boiler. 
U= B.t.u. content of feed water. (determined from 
Chart, Fig. 1). 
U’=B.t.u. content of boiler water. (determine 
from Chart, Fig. 1). 
U’’ =B.t.u. content of steam. (determine from 
Chart, Fig. 2). 
P= Cost per gal. of makeup water inc‘uding 
treatment. 
F= Cost per unti of fuel. (1b. of coal or cu. ft. of 
gas). 
B= B.t.u. content of same unit. 
E= Efficiency of boiler. 
Cl = Chlorides in makeup water. (grains per gal.). 
Cl’=Chlorides in boiler water. (grains per gal.). 
L= Gal. of water in boiler. (determined by manu- 
facturer’s record or cubical content by calcula- 
tion). 
If S is the solubles in the makeup water and C is 
the concentration of solubles in the boiler, then it 


S 


follows that C-S multiplied by the unit volume of 
evaporation is the volume of blow-down required to 
maintain that concentration if the makeup is 100 
per cent. If we call this amount X, then U’-U multi- 
plied by X gives the total heat units lost and (U’-U)F 
TE 
multiplied by X gives the cost of heat loss incurred 
in the blow-down. Also if P is the cost of treated 
P 


water per gal., then 8.34 multiplied by X gives us 
the cost of the water blown out. If M equals the 
percentage of makeup, we can combine the whole 
into one formula as 


S (U’-U) F P S )] 
Mi (ves ee + 8.34 n ‘eS 4j 


cost of blow-down for unit evaporation V. If the 
amount of return condensate be a constant, as is us- 
ually the case, then it is obvious that any reduction 
in blow-down will produce a corresponding reduc- 
tion in the value of M, since makeup must be used 
to replace blow-down. This will still further reduce 
blow-down since any reduction in makeup reduces 
the rate of concentration. 

As an illustration, let us take a plant producing one 
million pounds of steam daily. The soluble salts in 
the makeup water are 25 grains per gal. and the aver- 
age soluble concentration in the boiler is 200 grains. 
Let us also assume a feedwater temperature of 210 
deg. fahr. and a boiler pressure of 200 Ib. with a 
boiler efficiency of 75 per cent using 10,000 B.t.u. 
coal costing $3.00 per ton. Makeup is 75 per cent 
and water plus treatment costs $.14 per 1000 gal. 
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Substituting these figures for the symbols we have 
S 25 2.5 ,000,000 
Ves = I,000,000 200—25 = 175 = 142,857 
lb. water blown down. The B.t.u. content of the 
water at 200 Ib. pressure is 363 and that of the feed 
water is 180. Coal costs $.oo1§ per Ib. Therefore 
(U’-U) F 183 X .0o1§ 

142,857 X pee 142,857 X 10,000 X 75 a 


2745 _ 39214.2465 
7500 73 
fuel wasted on blow-down if 100 per cent makeup 


were used. 
If water and treatment costs $.14 per 1000 gal., then 











142,857 X - = $5.228 or cost of 


S ; 
P = $.00014 and since Ves = 142,857 we obtain 


P S .OOOI 


8.34 bik = 8.34 
142,857 = $2.397 or cost of water and treatment 
blown down if 100 per cent makeup were used. Since 
M is 75 per cent, we take 75 per cent of the totals or 
$5.228 + 2.397 
-75 

which is the blow-down cost for this particular case. 
One of the difficulties in plant operation is the lack 
of data required for such determinations. In some 
cases, the total evaporation is unknown but the 
total feedwater is known. In this case use the 


S 


formula V = W-W re 


In other cases the makeup water may be unknown 
but the total evaporation may be known. In such 


x 142,857 = .00001678 X 





= $5.718 
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Fig. 1—Chart for determining B.t.u. content of boiler water. 


cases, use the following formula for the determina- 


C 


tion of W. W = V&s 


If there are no convenient means for the determina- 
tion of total solubles in either the feedwater or the 
boiler water, the values for Cl and Cl’ can be used in 
place of Sand C. The titration for total chlorides is 
very simple and the reagents and directions can be 
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obtained from any reputable manufacturer of water 
treating chemicals or equipment. This method is not 
as satisfactory nor as accurate as the total solubles 
since many Causes may give incorrect readings. 

Very frequently no accurate data are obtainable as 
to the amount of makeup water used in relation to the 
returned condensate. There is a very simple method 
of obtaining this information if the tests are run 


GAGE PRESSURE - BOILER 
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Fig. 2—Chart for determining B.t.u. content of steam with 
various amounts of moisture. 


accurately. For this determination, two samples of 
water are taken from the same boiler from eight to 
twenty-four hours apart. These samples are taken 
from the water column after blowing it down to be 
sure that actual boiler water and not condensate is 
procured. There should be no blow-down between 
the taking of the two samples. If more than one 
boiler is on the line, samples will have to be taken 
from each boiler. Accurate chloride tests should be 
made on these samples as well as on the makeup 
water and returned condensate. The next step is to 
determine the exact water content of the boilers and, 
of course, the water level should be the same on 
both tests. If the manufacturer cannot supply this 
information, it will have to be figured on the basis of 
cubical content. Let the chlorides in the makeup 
water be represented by Cl. The chlorides in the 
first boiler water sample will be Cl’(a) and the 
chlorides in the second boiler water sample will be 
Cl’(b). If L equals the gallon content of the water 
in the boiler (or total boilers if several are sampled), 
then L x Cl’(a) = X and L x Cl'(b) = X’. It fol- 
lows then that X’-X = total grains of chlorides 
added and since Cl is the grains of chloride in 1 gal. 
of water X’-X = gal. of water used as makeup or 
Cl 
(X’-X) 8.34 = lb. of water used as makeup. There- 
Cl 
fore (X’-X) 8.34 = percentage of makeup required. 
Cl 


If several boilers are used the values for each boiler 
will have to be figured and totalled. If the sample of 
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steam condensate shows any chloride content, a cor- 
rection will have to be made for this contamination. 

If the steam sample shows any chloride content, a 
reasonably fair indication of the degree of super- 
saturation can be obtained by taking the ratio of the 
chlorides in the steam as against the chlorides in the 
boiler water. This will give the percentage of water 
in the steam and can form the means of correcting the 
value for U”’ from the chart, Fig. 2, showing B.t.u. 
values for super-saturated steam. This method is 
not accurate and determinations should be made with 
a throttling calorimeter whenever possible. 

Frequently, it will be found that there are no data 
for determining the efficiency of the boiler, efficiency, 
in this instance, applying only to the boiler and not 
to any prime movers or heat exchange equipment. 
When such is the case, determine the figures for U 
and U” from Figs. 1 and 2. Let K equal the Ib. of 
fuel consumed and V equal the lb. of evaporation for 
any unit of time. The longer the time, the less will 
be the factor of error. Then use the formula 


V(U’’-U) = per cent of efficiency of boiler. 

KT 

In making any of these calculations, corrections 
for the value of U will have to be made when 
economizers are used. Any other unusual circum- 
stances will have to be given due consideration and 
corrections made where necessary. With care and 
diligence, it will be possible to obtain any cost data 
on blow-down losses with these formulas. The next 
step will be a consideration of means for correcting 
such losses and that will be dealt with in a later 
article. | 


Determination of the Economical Size 


of a Natural Draft Chimney 
(Continued from page 24) 


assumed operating conditions noted. In the absence 
of any operating data no more definite. than that upon 
which the equations and curves are based, they can 
be used generally and, generally speaking, will give 
sizes which will be ample for average operating con- 
ditions around an ordinary plant. 

Under no conditions should the size of a natural 
draft chimney be based on the horsepower of the 
boilers which it is to serve. Nowadays it is no more 
possible to determine the required size of a chimney 
from the boiler horsepower requirements alone than 
it is to select the proper size centrifugal pump from 
data based only on the capacity requirements or to 
select a fan or blower from data based only on the 
amount of air or gases to be moved. Just as it is neces- 
sary to know in addition the head and static pressure 
against which a pump and fan, respectively, are to 
Operate so it is necessary to know in addition the 


head, or draft, against which a chimney is to operate. 
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Combined Low Temperature Carbonization 


and Combustion for Power Plants ... . 


A description of the new 
Hereng Process in France 


By 
DAVID BROWNLIE 
LON DON 


NE of the inherent and very serious disadvan- 

tages of the standard steam-driven power sta- 
tion burning raw coal, and using condensing tur- 
bines, is the fact that the whole of the valuable by- 
products that can be obtained from the coal, particu- 
larly light oil, Diesel oil, and fuel oil, are burnt 
merely as fuel in the setting, although their value is 
of course very much higher per heat unit than that 
of the raw coal. 

Prior to ten or fifteen years ago, this may not have 
been very important from the practical point of view 
because of the small size of individual stations, but 
the matter is very different today with plants that 
are, or soon will bz, burning anywhere from 1,000 to 
5,000 tons of coal per 24 hours. The point is that all 
this vast amount of coal has to be brought to the 
Station, crushed, conveyed, stored in overhead 
bunkers, and discharged continuously to the combus- 
tion chambers, while the ash and clinker needs crush- 
ing, quenching, conveying, and discharging to 
dumps. 

By a comparatively small addition of plant and 
equipment, it is possible to submit this coal to low 
temperature carbonization in front of the boiler 
setting, thereby recovering all the light oil, Diesel 
oil, and fuel oil, together with the pitch, with burn- 
ing of the solid low temperature fuel and the residual 
gas in the boiler setting, in such amount that cer- 
tainly in most countries of the world this general 
method is a highly important proposition. In a 
plant burning only 100 tons of coal per 24 hours, such 
an afrangement might not be profitable, but the 
matter is entirely different in stations consuming 
1,000 tO 5,000 tons per 24 hr. period. For example, 
by the treatment of 1,000 tons of coal per 24 hours in 
a combined low temperature carbonization and com- 
bustion setting for water-tube boilers, there can be 
recovered 18,000 gal. of low temperature tar, of 
which at least 50 per cent or 9,000 gal. ( 250 barrels ) 
is Diesel oil, and say 2,500 gal., crude light oil, of 
which perhaps 1,750 gal. can be made available for 
use as refined gasoline. 
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Low temperature carbonization of. coal in 
conjunction with power plant operation is a 
decidedly interesting development that seems 
to be making progress in Europe. A previous 
article of Mr. Brownlie’s described various 
processes of this type which have been com- 
mercially applied both in England and on the 
Continent. In the present article, the author 
describes a French development which com- 
bines the processes of coal carbonization and 
steam generation in a single unit. While such 
processes do not appear to be economically 
attractive in this country because of our large 
petroleum resources, they are, nevertheless, 
interesting as indicating the trend in European 
practice. 


In the United States, with its vast reserves of 
petroleum, the daily production from a single power 
station of 250 barrels of Diesel oil, 1,750 gal. of gaso- 
line, and a large amount of fuel oil and pitch, may 
seem perhaps a relatively minor matter, but it is 
assuredly not so in the case of Great Britain, France, 
Germany, and other countries with little or no 
petroleum reserves. Also, if we are to believe the 
statements of the U. S. Geological Survey, this ques- 
tion of combined low temperature carbonization and 
combustion in power stations may become a proposi- 
tion of the utmost importance even in the United 
States, as presumably the oil wells will not go on 
forever. 

During the past fifty years, many attempts have 
been made to combine carbonization and combustion 
in steam boiler and other furnace settings using a 
large amount of coal, and at the present time a num- 
ber of processes are in practical operation. Thus, in 
Great Britain, we have the Babcock or Merz & 
McLellan process using chain grate stokers and a 
vertical, mechanically-continuous retort in front of 
the boiler setting, internally heated by means of 
combustion gas from a separate gas-fired combustion 
chamber, using part of the residual gas from the 
process, mixed also with steam bled from the turbine, 
to give a temperature of about 1,200 to 1,290 deg. 
fahr., in the charge, large pieces being carbonized 
direct on the chain grate stoker. On similar lines in 
Germany is the well-known Pintsch process, using, 
however, as the heating medium, part of the very hot 
combustion gases from the boiler furnace setting. 
Over a dozen plants on these lines are being operated 
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Fig. 1—Standard arrangement of the Hereng process for combined low temperature carbonization and steam generation with 
recovery of tar and light oil. Low temperature carbonization takes place on the first half of the chain grate stoker 
and the carbonized fuel is burned on the last half which is set under a water tube boiler 


in Germany, Silesia, and other countries, including 
Norway and Brazil. 

In all cases, the basic principle is to treat the mixed 
gases and vapors from the retort in a condensing and 
scrubbing plant to recover the low temperature tar 
and light oil before passing the gases to the combus- 
tion chamber. Also, of course, there are endless 
modifications possible, and, if necessary, the gas can 
be used separately instead of in the boiler furnace 
setting. 
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Fig. 2—Diagram indicating gas flow of arrangement 
shown in Fig. 1 





It is the purpose of the present contribution, how- 
ever, to describe particularly the new Hereng process 
in France, originated in 1928 by Andre Hereng, and 
in this connection I wish to thank M. Hereng for 
the detailed information he has supplied and for the 
new illustrations given herewith. The Hereng process 
is controlled by the Hydrocarb Société Anonyme, 3, 
Rue de Bucarest, Paris, with which M. Hereng is 
associated. 

The basic principle of the Hereng process is com- 
bined low temperature carbonization and combustion 
of the raw coal on chain grate stokers, particularly in 
connection with water tube boiler installations. 
This is accomplished by greatly increasing the length 
of the chain grate and using the front half of the 
grate for carbonization purposes. The latter opera- 
tion iscarried out by passing stoker heated gases at 
about 930 deg. fahr., down through the thin layer of 
coal on the chain grate with all the mixed gases and 
vapors taken away from the bottom and delivered to 
the condensing plant by suction. After carboniza- 
tion, the residual fuel, which of course remains on 
the grate, passes directly into the combustion cham- 
ber and is burnt immediately, in most cases along 
with the residual gas. 

There is a considerable field for this type of appli- 
cation in France as indicated by the fact that nearly 
all the boiler plants of France, industrial as well as 
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power station, are of the water-tube type operated 
with chain grate stokers, and therefore the simplest 
method of adding low temperature carbonization is 
to utilize the chain grate type of apparatus. There 
are a number of modifications of the general design, 
and, if necessary, the plant can be operated without 
direct application to water-tube boilers. A large- 
scale Hereng experimental installation has been 
operating for a considerable time past in the neigh- 
borhood of Paris, under power station conditions and 
the problems are now regarded as solved. 

Typical lay-outs of the Hereng process for actual 
large-scale operation are shown in the accompanying 
illustrations. Fig. 1 shows standard lay-out for 
Operation with water-tube boilers under such condi- 
tions that the whole of the resulting low temperature 
fuel, and also the rich gas, is burnt in the boiler 
setting, while the tar and the crude light oil is 
recovered from the gas before combustion, the raw 
coal being pre-dried. The diagram, Fig. 2, shows the 
the path of the complete circulation of the gases. 

Referring to Fig. 1, the raw coal is pre-dried at 
about 390 deg. fahr. in a vertical cylindrical drier 
A, operated with gearing on the mechanically-con- 
tinuous principle, with a series of rabble arms, and 
heated internally by waste combustion gases from 
the chimney. The pre-dried coal passes out continu- 
ously from the bottom of this drier by way of a coal 
delivery valve and chute, and falls on to the long 
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F’g. 3—Diagram indicating gas flow of arrangement 
shown in Fig. 4 


chain grate stoker C, equipped on the usual lines with 
gate B, adjusted vertically so as to control the amount 
of fuel passing. 

The thin layer of pre-dried raw coal is carbonized 
as it travels over the first half of the chain grate 
which forms the bottom of a large firebrick distilla- 
tion chamber D. The residual low temperature car- 
bonization fuel, at a temperature of about 930 deg. 
fahr., passes on and is burnt in the boiler combustion 
chamber K, representing the second half of the travel 
of the chain grate stoker C. This part of the stoker is 
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Fig. 4—Arrangement of the Hereng process for combined low temperature carbonization and steam generation. This arrange- 
ment provides for recovery of the rich gas, as well as the tar and oil, separately from the plant 
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operated with forced draft entering by means of 
the blast compartments L, which permit control of 
the amount of air. At the end of the grate, there is 
an arrangement N through which the ash and 
clinker pass as they fall to the crusher P. It will be 
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Fig. 6—Diagram indicating gas flow of arrangement 
shown in Fig. 5 


Fig. 5—Arrangement of the Hereng process for low temperature carbonization only. With this arrangement the carbonized fuel 
is available for sale or plant use and part of the rich gas, as well as tar and light oil, is recovered 





noted there are two bottom hoppers, the one on the 
right for the main bulk of crushed ash and clinker 
and the one on the left for the siftings. 

Further with regard to the carbonization, in the 
top of the distillation chamber D is fixed a large 
burner E, at which is burnt the whole, or greater 
part as may be required, of the residual gas after 
separation of the tar and the crude light oil. The 
combustion is so adjusted, particularly as regards air 
supply, that the temperature is approximately 930 
deg. fahr., and the whole of these combustion gases 
pass downwards as indicated through the thin layer 
of coal as it travels on the chain grate C, thus ac- 
complishing the low temperature carbonization. The 
mixed gases and vapors are taken off by means of 
the two compartments H beneath the chain grate 
stoker, which are under suction, and pass to the 
primary fairly high temperature condenser S (Fig. 2) 
for the separation of the heavy tar and also the dust. 
This heavy tar, it may be stated, can either be dis- 
tilled separately, or, if preferable, according to cir- 
cumstances, burnt in the combustion chamber D in- 
stead of, or along with, the residual gas. From the 
primary condenser S the gases go to a secondary main 
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water-cooled condenser T for the recovery of the 
main bulk of the tar, and following this, in the 
circuit, are an exhauster U and light oil scrubber V, 
from which latter, the final gas passes back to the 
burner E. Arrangements are provided for controlling 
the gas supply to the burners; with high-grade coal 
an excess of gas is generally produced which can be 
utilized apart from the boiler setting. 

Fig. 4 shows an arrangement of plant to operate 
under conditions of the immediate combustion of the 
low temperature fuel in a boiler furnace setting but 
with recovery of the rich gas, as well as the tar and 
crude light oil, separately from the plant. Fig. 3 
shows the gas circulation for this plant. As before 
the raw coal is pre-dried in the internally heated 
drier A at 390 deg. fahr., but in this case the gas used 
is exit gas from the recuperator G built over the top 
of the distillation chamber D. 

The low temperature carbonization is carried out 
in this case by means-of a current of rich gas from the 
process, taken after separation of the tar and the 
crude light oil and heated to a temperature of about 
I,200 to 1,290 deg. fahr. in the recuperator setting G, 
through which is passed, by means of the inlet J, a 
considerable proportion of the very hot combustion 
gases from the combustion chamber K, with final 
discharge, as already stated, to the pre-drier A. That 
is, the rich gases used as the carbonizing medium 
are heated externally and not mixed with the com- 
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Fig. 7—Diagram indicating gas flow of arrangement 
shown in Fig. 8 


bustion products, so that the final gas, in consider- 
able surplus, having a high calorific value is avail- 
able for sale, the actual carbonization, being ac- 
complished at about 930 deg. fahr. 

Below the chain grate are the suction chambers H1, 
H2 and H3, connected in series to the primary high 
temperature condenser S (Fig. 3), for separation of 
the heavy tar and dust, from which the gases pass to 
the water-cooled condenser T for the main bulk of 

















Fig. 8—Arrangement of the Hereng Process for low temperature carbonization only. This arrangement involves the 
use of an additional upper chain grate to compress the plastic charge and provides for recovery 
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of the carbonized fuel, part of the rich gas, tar and light oil 
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the car, and the light oil scrubber U. As shown in 
Fig. 3, part of the rich gas goes to the recuperator 
chamber G, and the other part to the gas holder V 
for sale. 

As already indicated, the Hereng process can also 
be operated as a low temperature retort only, that is, 
not in conjunction with a boiler setting. This plan 
involves the use of a somewhat shorter chain grate 
with recovery of all the low temperature fuel in the 
solid condition for sale or for use along with the rich 
gas. The tar and the scrubbed light oil, or alternative- 
ly of course the rich gas, can be burnt in the setting if 
there is no external method of utilization. Fig. 5 
shows the arrangement of equipment for this type of 
plant, and Fig. 6, the path of the gases. 

The general lay-out is similar to those of Fig. 1 
and Fig. 4, consisting of the pre-drier A, gate B, chain 
grate stoker C, and long distillation chamber D. In 
this case, however, the chain grate stoker is also of 
considerable length because the second half of it is 
used to cool the low temperature fuel. The residual 
rich gas from the condensing plant is used for this 
purpose, passing down from the upper chamber on 





Fig. 9—Rear view of the arrangement given in Fig. 8 show- 
ing upper compressor grate and the lower carboniz- 
ing grate discharging to an inclined me- 
chanically-continuous conveyor 


the right through the low temperature fuel on the 
stoker to the compartments M under suction. The 
resulting, partially-cooled, low temperature fuel then 
passes over the end of the chain grate stoker from D 
and down into the pulverizer Q, from which it is 
discharged continuously. This fuel is admirably 
suited for fine pulverization and may be used as 
pulverized fuel under water-tube boilers or in any 
other furnace setting. It may also be sold in its 
roughly pulverized condition for use in total gasifica- 
tion generators. 

The distillation chamber D is heated by part of the 
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residual rich gas which is passed through the recup- 
eratorsetting G where its temperature is raised to about 
1,200 to 1,290 deg. fahr. It then passes down through 
the first part of the chain grate stoker, giving low 
temperature carbonization at about 930 deg. fahr., 
with discharge of all the mixed gases and vapors to 
the suction chambers H. The general operation is 
similar to the plants previously described, that is 
separation of the heavy tar and dust, and the main 
bulk of the crude light oil, with the residual rich gas 
partly available for sale, partly returned to the re- 
cuperator G to act as a heating medium, and partly 
consumed at the burners J in the end of the recup- 
erator chamber for providing the necessary heat, the 
waste gases of combustion being discharged from the 
recuperator setting through preheater A. 

Obviously any other convenient gas can be burnt 
at burners J, thus saving a corresponding amount of 
the rich gas. In fact, it may be said that the whole 
arrangement of the Hereng process lends itself to 
considerable modification according to circumstances, 
especially in the way of the utilization of low-grade 
gas such as blast furnace gas or producer gas using 
inferior solid fuel. 


Fig. 8 shows a modification of the arrangement 
given in Fig. 5. In this layout also, the coal is car- 
bonized by means of the rich residual gas which is 
heated in the recuperator to 1200 to 1290 deg. fahr. 
and then passed down through the chain grate, 
while the raw coal is preheated by the waste com- 
bustion gases from the recuperator setting. 

This layout differs from Fig. 5 chiefly in the 
addition of a second, mechanically-continuous chain 
traveling at the same speed as the main chain grate 
in such a manner as to give a considerable degree of 
compression to the thin layer of the charge during 
carbonization. The claim is that in this way, when 
using more or less finely divided coking coal, the 
second or upper chain gives the maximum compres- 
sion to the heated charge when in the plastic condi- 
tion, and that, as a consequence, the fuel discharged 
from the end of the carbonization section is in rela- 
tively large pieces. The fuel in this condition is 
removed by means of the conveyor shown on the 
right of the illustration. 

Fig. 9 is a photograph of the plant illustrated in 
Fig. 8, showing the end of the carbonization chain 
together with the upper compression chain from 
which the low temperature fuel falls on to the in- 
clined mechanically-continuous conveyor. As will 
be seen, the latter is made of a close-mesh grating 
with a series of transverse projections or ribs. 


A further interesting development of the Hereng 
Process which has been worked out is what may be 
termed a combined gasification generator and chain 
grate, with production of solid low temperature 
fuel and also producer gas, the generator being fixed 
at the front of the chain grate in place of the pre- 
drier. 
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Municipal Wastes as Fuel for 


Power Generation 


By E. E. BUTTERFIELD, M. D. 
Consulting Chemist, New York 


HE use of municipal wastes as fuel for power 

generation has been practiced successfully in 
Europe and to some extent in this country. In Europe 
the screenings of coal ashes and the elimination of 
dirt and dust by screening enrich the fuel in combus- 
tible matter. In this country the tendency has been 
to use ashes for land-fill and to burn the rubbish and 
garbage alternately or in combination of the approxi- 
mate proportions of two parts of raw carbage to one 
part of rubbish, by weight. Such a mixture is called 
mixed refuse in American practice. In comparing 
American and European figures on steam generation 
from municipal refuse, it is necessary to bear this 
difference in mind and to ascertain in each case the 
nature and composition of the refuse burned. In 
examining American results, it is necessary to have a 
thorough knowledge of the properties of garbage 
and rubbish and of the proportions in which they 
are available. 


Heating Values of Refuse Materials 


In comparing the heats of combustion of different 
samples of garbage, it is a safe and logical procedure 
to follow the methods of food and nutrition chemis- 
try. The heats of combustion and the elementary 
composition can be computed from the determined 
proportions of protein, fat and carbohydrate just as 
accurately as they can be determined on duplicate 
samples of the same material. Given an elementary 
analysis of a possible fuel, there is an unfortunate 
tendency among combustion engineers and fuel 
chemists to attempt to apply the Dulong formula or 
the Walker rule to calculated heats of combustion. 
Owing to the different types of carbon linkages and 
the widely different heats of formation of protein, fat 
and carbohydrate, neither the Dulong formula nor 
the Walker rule can be applied to all three types of 
compounds or mixtures of the same. The following 
examples will illustrate this point: : 


SuBsTANCE _ Exgmentary ANALYSIS Heats or ComBusTION 
B ON S Determined Calculated 
Dulong Walker 
Albumin 52.5 7.0 23.0 16.0 1.5 10,440 10,256 11,285 
Gliadin 52.7 6.9 21.7 17.7 1.0 10,330 10,311 10,802 
Butter-fat 75.0 11.7 13.3 16,740 17,111 17,439 
Cellulose 44.4 6.2 49.4 7,560 6,494 7,609 


The Dulong formula applies chiefly to coals high in 
carbon and low in oxygen, and the Walker rule 
applies to woods and cellulose, but the Dulong 
formula fails as utterly on fats and carbohydrates as 
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This article presents extracts from an interest- 
ing and comprehensive paper entitled, “The 
Combustion of Organic Wastes with Reference 
to Generating Power to Meet the Power Require- 
ments of Sewage Disposal” presented by Dr. 
Butterfield before the Thirty-Sixth Annual Con- 
vention of the American Society for Municipal 
Improvements at Richmond, Va., October 16, 
1930. The original paper contains much valu- 
able data on the subject including five tables 
giving typical average analyses as follows: 
Table 1—Composition of Garbage, as Received; 
Table 2—Chemical Analysis and Heat of Com- 
bustion of Garbage, Dry Basis; Table 2A— 
Heats of Combustion of Garbage, Observed 
and Computed; Table 3—Classification and 
Properties of Combustible Materials in Refuse; 
Table 4—Air Required for Combustion and 
Volumes of the Gaseous Products of Complete 
Combustion in Minimum Air. 


does the Walker rule on protein and fats, hence it is 
unreasonable to apply either formula to food ma- 
terials, garbage or refuse which contains all three 
classes of substances. 


Net Heat of Combustion 


In references, thus far, use has only been made of 
the heat of combustion as determined in the bomb 
calorimeter, a proportionately reduced figure for 
substances containing water and derived values from 
comparison with direct determinations. The heat of 
combustion as determined in the bomb calorimeter is 
not the heat of combustion of a substance in a furnace, 
for the simple reason that the heat of condensation of 
water formed in the combustion is measured in the 
bomb calorimetric determination, and that heat is 
not available in furnace combustion where the 
temperature of the furnace in operation is always 
above the dew-point. 

It is possible to distinguish three perfectly defined 
and practical values: 

1. Total Heat of Combustion, 

2. Net Heat of Combustion, 

3. Net Available Heat of Combustion. 

A fourth state, a proportionate heat of combustion 
derived from the proportion of dry substance in a 
material and the | eat of combustion of the dry sub- 
stance, is frequently used and has been used here for 
comparisons. For the purpose of setting up heat 
balances and computing boiler efficiencies, however, 
the use of a proportionate heat of combustion for the 
material, as received, is fundamentally wrong and 
leads inevitably to wholly fallacious results with 
fuels of high moisture content. 

(1) The total heat of combustion is the heat de- 
veloped in the bomb calorimeter, that is, by com- 

(Continued on page 50) 
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How to Check 





the Performance 


of Economizers 


By B. J. CROSS, Combustion 


HE efficiency of an economizer may be calculated 
on the basis of the ratio of heat absorbed by it to 
the heat delivered to it. The efficiency may also be 
expressed by the ratio of temperature reduction of 
gases effected by the economizer to the maximum 
possible reduction in temperature. The theoretical 
maximum temperature reduction is the difference in 
temperature between the gases entering the econo- 
mizer and the water fed to it. The thermal efficiency, 
however, is not a fair measure of the performance of 
the economizer. The economizer is designed to effect 
a certain reduction in gas temperature and rise in 
water temperature and its performance should be 
judged by the extent to which it fulfills its design 
requirements. There are practical limitations in the 
design and application of these units and an econo- 
mizer with unduly high thermal ‘‘efficiency’’ would 
probably prove to be an unprofitable investment. 
The upper limit for the temperature of the water 
is the temperature of the water in the boiler. How- 
ever, unless the economizer is designed to deliver 
steam a considerable margin must be allowed to pre- 
vent the formation of steam during fluctuations in 
water flow. The lower limit of temperature is fixed 
by the temperature at which condensation of mois- 
ture may occur on the economizer heating surfaces. 
The temperature of water fed must be above that of 
the dew point of flue gases in order to prevent con- 
densation of moisture with its attendant troubles. 
The chart on the opposite page gives the relation 
between water temperature rise and gas temperature 
drop for.different ratios of gas to water. This chart 
may be worked from water rise to gas temperature 
drop or vice versa, or if both temperature differences 
are known, the ratio of gas to water may be deter- 
mined. This chart is constructed on the assumption 
that all heat lost by the gas is gained by the water, 
the radiation loss being neglected. Thus, a water 
temperature rise of 95 deg. fahr. and a gas tempera- 
ture drop of 262.5 deg. fahr. indicates a gas to water 
ratio of 1.45 when the specific heat of the gas is .25. 
The specific heat for water is taken as 1. The specific 
heat of gases is given over a range of .24 to .28 which 
covers the gases of combustion for all the common 
fuels. 


The small chart, shown on this page, gives the mean 
specific heats for various fuels over the usual range 
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Engineering Corporation, New York 


of temperature for economizers. The constituent of 
the gases of combustion that chiefly affects their 
specific heat is the water vapor. This water vapor 
comes from the moisture in the fuel and from the 
combustion of hydrogen. The curves for the various 
fuels lie in the order of their hydrogen content. 

If the air leakage into the economizer is negligible, 
the efficiency of the entire unit—boiler, economizer 
and air heater—may be computed, the gas tempera- 
ture drop, water temperature rise and the flue gas and 
fuel analysis being known. Thus, in the example cited, 
the ratio of gas to water was 1.45. The weight of 
gases for a pound of fuel may be computed from the 
flue gas analyses as explained in previous articles of 
this series. If the weight of gases per pound of coal 
is found to be 15.5 pounds, the ratio of water to fuel 
is then 

Se 

1.45 
or 10.68 lb. of steam will be generated per Ib. of fuel 
fired. This method while not recommended as a 
substitute for regulation tests does afford an interest- 
ing check on test data. A wide discrepancy of the 
results of this method and standard test results would 
indicate inaccuracies in temperature measurements or 
gas analyses. 
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CHART SHOWING RELATION OF WATER TEMPERATURE RISE AND GAS TEMPERATURE 
DROP FOR ECONOMIZERS 


No. 17 of a series of charts for the graphical solution of steam plant problems 
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Municipal Wastes as Fuel 


for Power Generation 
(Continued from page 47) 


bustion at constant volume with water in the liquid 
state as the end product of combustion of hydrogen. 

(2) The ‘‘net heat of combustion at 68 deg. fahr., 
shall refer to the results corrected for the latent heat 
of vaporization as follows: 

Total heat of combustion — 1040 (total hydrogen X 
9) = net heat of combustion in B.t.u. per 
pound.’’(:) 

(3) The net available heating value is the net heat 
of combustion corrected for hygroscopic moisture in 
moisture-laden fuels. 

Example: Taking 8,800 B.t.u. (+) per lb. as the 
average weighted value for the total heat of combus- 
tion of all garbage, dry basis and the hydrogen con- 
tent of the dry garbage substance, calculated from the 
proportions of protein, fat and carbohydrate, as 
0.0667 lb. of hydrogen per Ib. of dry garbage sub- 
stance, the net heating value is, 

8,800 — (1040 X 0.0667) = 8,176 B.t.u. per Ib. 
The same garbage in the ‘‘as received’’ state con- 
tained 72.13 per cent of water, and the content of 
dry garbage substance is therefore 27.87 per cent. 
The net available heating value is, 

0.2787 X [ 8,800—(1040 X0.0667,) ]—0.7213 X 1040 

= 1,528 B.t.u. per lb. 
The net available heating value of this garbage, as 
received, is 
not 0.2787 X 8,800 = 2,453 B.t.u. per lb., 

which is the proportionate heat of combustion of the 
dry substance in the wet garbage, which heat is not 
available for combustion until the hygroscopic 
water has been evaporated and only that part of it is 
then available which does not contain the heat of 
condensation of water formed from hydrogen. An- 
other simple calculation will show that 1,528 B.t.u. 
per lb. is not enough heat to heat the products of 
combustion with sufficient combustion air to the 
temperature of combustion, hence wet garbage is not 
a true combustible. 

The net available heating value of the combustible 
materials in rubbish, as received, is, either, 

7,257 — (1040 X 0.062) = 6,696 B.t.u. per Ib., 
or 0.8702 (8316 — 1040 X 0.0472) — (1040 X 0.071) 
= 6,736 B.t.u. per lb. depending upon whether one 
takes the total combustible materials as 100 per cent 
cellulose, or takes the composition of dry oak wood 
for the composition of the ash-and-moisture-free com- 
bustible in the rubbish combustible materials. 

The same method of calculation may be applied to 
any typical garbage or rubbish, and, in fact, to any 
combustible material of determined total heat of 
combustion and of known hydrogen and water con- 


(1) A.S.T.M. Serial Designation: D 271-27. 


(2) Average weighted value, taken from Table 2 of paper from which 
this article is abstracted. 
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tent. The net available heating value is the value 
to be used in all heat balances and computations of 
boiler efficiencies. It is particularly foolhardy to use 
any other value in the case of low-grade fuels con- 
taining moisture. 


Power Generation from Refuse Burning 


Power generation has been either the purpose of 
Or an accessory to European refuse furnaces. At 
Salisbury, England, a refuse destructor provides all 
the power required for the near-by sewage works, 
which includes electricity for lighting and compressed 
ait for the Shone ejectors, which now lift the sewage 
of the entire city. At Miami, Florida, Mr. William 
Sydow is generating steam equivalent to 1.14 lb. 
from and at 212 deg. fahr. per lb. of refuse burned. 
In this case only a part of the battery of furnaces is 
connected with the boiler, because the quantity of 
steam generated is sufficient to operate the sterilizers, 
laundry and kitchen equipment of a city hospital, 
for which purpose the boiler was installed. At 
Atlanta, Georgia, Mr. H. J. Cates, Superintendent of 
Incinerator Plant, is generating steam and has been 
selling it for the past 5 years. Sales in 1928 and 1929 
passed the hundred million pound mark and were 
over 68 million pounds for the first 6 months of 1930. 
Mr. Cates is getting equivalent evaporation of 1.29 
Ib. of steam from and at 212 deg. fahr. per lb. of 
refuse burned. From these figures, as well as from 
other American and English equivalents, a safe 
generalization can be made that under present con- 
ditions of burning American municipal refuse, an 
equivalent evaporation of 1.1 to 1.3 lb. from and at 
212 deg. fahr. can be obtained per lb. of refuse burned. 

The contribution of the population to municipal 
refuse in American cities is from 1 lb. to 2 lb. per 
capita per diem. Therefore, under prevailing condi- 
tions of burning, there are potentially between 
1,000,000 and 2,000,000 lb. of steam going to waste 
per million of population per day. This estimate is, of 
course, based on 1 lb. of steam per lb. of refuse, a 
more conservative figure than any reported results. 


Power Requirements of Sewage Disposal 


Calculations and éstimates which are much too 
lengthy to introduce here indicate that when there is 
available per capita per diem 1.2 lbs. of municipal 
refuse of average properties, and with the garbage 
dried before furnace charging, the power require- 
ments of the activated sludge process for average 
domestic sewage can be met. Further computations 
by C. T. Schreiber, M. E., indicate that for a popula- 
tion of 1,000,000 contributing approximately 2.00 lb. 
of refuse per capita per diem, 50,000,000 kw. hr. can 
be made available per annum by drying garbage with 
bled steam from a turbine operating with 320 Ib. 
pressure abs. and 200 deg. fahr. superheat, bleeding 
15,200 lb. of steam at 45 lb. abs. per hour and requir- 

(Continued on page 55) 
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NEWS 


Pertinent Items of Men and Affairs 





Peabody Engineering Corporation 
Points the Way to Stabilization 


RNEST H. PEABODY, president of the Peabody 
Engineering Corporation, New York City made 

the following announcement November 7: 

“Viewing with concern the tendency prevalent 
during periods of financial depression for the people 
as a whole to restrict expenditures and withhold to a 
large extent money which would ordinarily be placed 
in circulation, the Directors of the Peabody Engineer- 
ing Corporation, at a meeting held November 6, at 
the Company’s offices, Lefcourt Colonial Building, 
295 Madison Avenue, New York City, declared a 
special dividend of fifteen dollars a share payable 
immediately to holders of the Common Stock of the 
Company. 

‘‘Also, a fund was established not to exceed $7.00 
a share of Common Stock to be distributed at once 
among the employees of the Company in lieu of the 
bonus and profit sharing usually made payable during 
the Christmas holidays. 

“This action is taken as a contribution to the 
efforts being made in various quarters to hasten the 
return to normal business conditions which at 
present are suffering from causes that are largely 
psychological. 

‘The customary salary increases will take effect 
January 1, 1931 it is announced.” 


The Bailey Meter Company, Cleveland, Ohio, 
Manufacturer of Automatic Combustion Control and 
Power Plant Metering Equipment, announces the 
Opening of a district sales office to serve the Pacific 
Northwest. This office has been located in Seattle, 
Washington, at 406 E. 80th Street, and is under the 
management of L. E. Evans. 

Mr. C. E. Albert has been appointed manager of 
the Bailey Meter Company's Kansas City office 
located at to1o Coca Cola Bldg., Kansas City, 
Missouri. Mr. Albert was previously located at the 
Houston, Texas, office of the company. 


W. D. Cameron, has been appointed manager of 
the Detroit office of the General Electric Company, 
to succeed the late J. H. Livsey, it has been announced 
by W. O. Batchelder, manager of the central district. 
Mr. Cameron has been assistant manager of the 
Detroit office since 1927. 
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Reeser Re-elected Head of 


Petroleum Institute 


E. B. Rzzssr, of the Barnsdall, Corporation, Tulsa, 


Okla., was re-elected president of the American Pe- 
troleum Institute at the annual meeting November 
12. Other executive officers elected for the ensuing 
year were: 

Vice-president-at-large—S. T. St. Clair, Union Oil 
Company of California, Los Angeles, re-elected; vice- 
president for production—Robert R. Penn, Penn Oil 
Company, Dallas, re-elected; vice-president for refin- 
ing—R. C. Holmes, the Texas Company, New York; 
vice-president for marketing—E. G. Seubert, Stand- 
ard Oil Company of Indiana, Chicago; executive 
vice-president—W. R. Boyd, Jr., American Petroleum 
Institute, re-elected; treasurer, Amos L. Beaty, New 
York, and secretary and assistant treasurer, Lacey 
Walker, American Petroleum Institute, New York. 

The Directors approved the continuation of funda- 
mental research in petroleum begun five years ago 
with gifts of $250,000 each from John D. Rockefeller 
and the Universal Oil Products Company. The in- - 
stitute directors approved a plan for raising a special 
fund of $100,000 a year to continue this research into 
the occurrence, recovery, composition and properties 
of petroleum. Individual companies will be asked 
to contribute to the fund. | 


The Ironton Fire Brick Company, Ironton, Ohio, 
has established a district sales and service office at 
1409 Fletcher Savings & Trust Building, Indianapolis, 
Indiana, in charge of Carl E. Von Luhrte. 


William Piez, of Paris, France, European Corres- 
pondent of Link-Belt Company, and a brother of 
Charles Piez, Chairman of the Board, died at Brussels, 
Belgium, on November 2nd after a week's illness. 

Mr. William Piez, previous to his association with 
Link-Belt Company, was District Manager of the 
Concrete Steel Company, Chicago. 


Roger DeWolf, formerly assistant superintendent 
of the Rochester Gas & Electric Corporation, has 
accepted ‘the position of superintendent of steam 
power distribution at Reading, Pa., for the Associ- 
ated Gas & Electric Company. E.R. Crofts, formerly 
purchasing agent of the Rochester company, will 
succeed Mr. DeWolf. 


The Foxboro Company, Foxboro, Mass., manu- 
facturer of industrial instruments has announced the 
appointment of A. H. Shafer as Pittsburgh District 
Manager to succeed H. S. Gray who has been placed 
in charge of office routine at the Foxboro plant. 


















NEW EQUIPMENT 


of interest to steam plant Engineers 





New Feed Water Regulator 


‘THE Copes Type OT Feed Water Regula- 

tor has been developed by the Northern 
Equipment Company, Erie, Pa., primarily for 
installation on Oil Field, Horizontal Return 
Tubular, Scotch Marine and other boilers of 
similar type. It has all the advantages of 
the standard Copes Regulator, plus certain 
distinct features which make it more prac- 
tical for these particular boilers. 

The Copes Type OT Regulator is simply 
a balanced valve actuated by an expansion 





tube or thermostat. The same valve is used 
as in the standard Copes Regulator. 

The Type OT Thermostat is made up of 
two short tubes connected at an angle by a 
heavy bronze return bend, as shown above. 
Both tubes are in tension and the operating 
effect is that of a single tube. 

The thermostat is connected to the boiler 
in the same manner as a water column. 
Thus, water level in the thermostat rises and 
lowers in accordance with boiler water level. 
The upper end of the tube is filled with 
steam and the lower end with water. The 
steam, naturalJy, has a higher temperature 
then the water. 

As water level in the tube rises, the aver- 
age temperature of the tube decreases and it 
contracts. As water level lowers, the average 
temperature increases and it expands. This 
contraction and expansion acts through 
scientifically designed levers which multiply 
the effective movement of the tube to increase 
or decrease the amount of valve opening. 

As the water level in the boiler drum rises, 
the valve tends to close. As the level lowers, 
it tends to open. Thus, the feed is according 
to load demands. Operation is absolutely 
automatic. 

The regulator is particularly rugged. The 
thermostat is cased in malleable iron to with- 
stand shocks and strains. In the case of 
portable boilers, such as are used with oil 
field drilling rigs, the entire unit can usually 
be left intact when the boiler is moved to 
another location. 

The device is very compact. Overall 
length of the thermostat is less than 37 
inches. Height is less than 17 inches and 
thickness is less than 5 inches. 

Adjustment, by means of the lock nuts 
shown, is simple and permanent. 

The regulator is easily installed. The 
valve may be located in the vertical feed line 
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as shown in the illustration or in a horizon- 
tal line if desired. Screwed or flanged 
unions can be inserted above and below the 
unit to facilitate removing it from the boiler 
at any time this is desirable. 


New CO: Indicator and 


Recorder 


‘THe Permutit Company, 440 Fourth Ave- 

nue, New York vb has placed on the 
market a new model of its Ranarex CO, In- 
dicator and Recorder. The well established 
Ranarex principle, based on specific gravity, 
has been retained, but the design has been 
simplified, and the machine made more com- 
pact and rugged. 

All working parts are easily accessible. The 
entire indicating and recording mechanism 
is attached to one plate, and the driving 
mechanism, including the motor, to another. 
Both plates may be removed without the use 
of tools, by loosening a few wing screws; 
their removal opens all gas passages over 
their entire length. Connection between the 
humidifier compartments and the measuring 
chambers is established by channels of ample 
cross section. 

In most instances the time lag will be less 
than a minute. This is of great importance 
to the power plant engineer and his assist- 
ants, as it enables them to: correct firing con- 
ditions just as soon as a change is needed. 
Hence the proper percentage of CO: can be 
maintained at all times. 

Corrosion resistant materials such as bake- 
lite and special alloy steels are used ex- 
tensively for parts in contact with flue gas. 
The machine is enclosed in a dust-proof cast 
aluminum casing and is not affected by heat, 
moisture or shock. 

The standard 9-inch scale and circular 
chart 8 inches in diameter are graduated from 
0 to 20 per cent CO:, and accuracy within 
0.3 per cent CO, is guaranteed. Scales from 
0 to 30 per cent CO, for blast furnace gas 
and 0 to 40 per cent CO, for lime kilns 
are also available. The recording mechanism 
is driven interchangeably by a spring clock 
or an electric clock, as: desired. 
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The first illustration shows the Ranarex 
CO; Indicator and Recorder—Wall Type. 

The second illustration shows the Ranarex 
opened for inspection. Left, plate with in- 
dicating and recording mechanism; center, 
dust-proof aluminum casing; right, plate with 
driving mechanism. 

Ranarex Specific Gravity Recorders of sub- 
stantially the same construction as the COs 
recorders have been developed. The stand- 
ard scale extends from 0.2 to 1.0 (air=1), 
but special ranges can be supplied. 





A special Ranarex recorder for the control 
of butane-air mixing has been developed. 
This machine has a specific gravity range 
from 1.0 to 1.2 with a superimposed ad- 
justable scale graduated in B.t.u. per cu.ft. 

Ranarex machines are made with any de- 
sired scale for special applications where 
the specific gravity of a gas mixture is a 
guide to efficient and satisfactory operation. 
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B* using the Cochrane Hot Process 
Softener boilers can be kept en- 
tirely free from scale and corrosion, 
and with a supplementary feed of 
phosphates according to the Hall 
system the sulphate-carbonate ratio 
can be so controlled as to avoid em- 
brittlement conditions. 


The Cochrane Hot Process takes ad- 
vantage of the facts that boiler feed 
water should be heated and deaerated 
in any case and that chemical reac- 
tions and sedimentation are more 
rapid and complete in hot water than 
in cold water. 


An automatic chemical feeding appa- 
ratus provides for accurate propor- 
tioning of the reagents, including 
phosphate, in proportion to the flow 
of raw water, while an improved pat- 
tented filtering material insures thor- 
ough removal of suspended matter 


) 


COCHRANE 






HOT PROCESS 


Keeps 
Boilers 


Young 


from the water after sedimentation, 
without danger of the formation of 
calcium silicate scale, as encountered 
in many cases when using sand filters. 
The Cochrane Hot Process Softener is 
operated practically the same as an 
ordinary open feed water heater, 
practically the only attention re- 
quired being the charging of reagents 
and periodic tests of the treated water 
and of the boiler water, using test 
equipment and specific instructions 
which we supply. 
Numerous large boiler plants are 
successfully using water treated in 
Cochrane Hot Process Softeners un- 
der the most adverse conditions of 
water composition and boiler load 
conditions, even where the make-up 
is 100 per cent of the boiler feed. 
Ask for leaflet IC, ‘‘Rational Selection 
of a Feed Water Treatment.”’ 


|] COCHRANE CORPORATION | 
0 
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3160 North 17th Street, Philadelphia, Pa. 
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REVIEW OF NEW TECHNICAL, BOOKS 


Any of the books reviewed on this page may be secured from 


In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





Strength of Materials 
By S. Timoshenko 


HE first volume of this book was reviewed in the 

July, 1930, issue of COMBUSTION. The second 
volume, which is the subject of this review, is writ- 
ten principally for advanced students, research en- 
gineers and designers. 

The nature of Volume 2 is indicated in the preface 
where the author states that he has endeavored to 
prepare a book which contains the new developments 
that are of practical importance in the fields of 
strength of materials and theory of elasticity. Com- 
plete derivations of problems of practical interest are 
given in most cases. In a comparatively few cases of 
the more complicated problems, for which solutions 
cannot be derived without going beyond the limit 
of the usual standard in engineering mathematics, the 
final results only are given. 

In the first chapter, the more complicated problems 
of bending of prismatical bars are considered. The 
important problems of bending of bars on an elastic 
foundation are discussed in detail and applications of 
the theory in investigating stresses in rails and 
stresses in tubes are given. The application of trigo- 
nometric series in investigating problems of bend- 
ing is also discussed, and important approximate 
formulas for combined direct and transverse loading 
are derived. 
js In the second chapter, the theory of curved bars is 
developed in detail. The application of this theory 
to machine désign is illustrated by an analysis of the 
stresses, for instance, in hooks, fly wheels, links of 
chains, piston rings, and curved pipes. 

The third chapter contains the theory of bending 
of plates. The cases of deflection of plates to a cy- 
lindrical shape and the symmetrical bending of circu- 
lar plates are discussed and practical applications are 
given. Some data regarding the bending of rectangu- 
lar plates under uniform load are also given. 

In the fourth chapter are discussed problems of 
stress distribution in parts having the form of a 
generated body and symmetrically loaded. Tensile 
and bending stresses in thin-walled vessels, stresses 
in thick-walled cylinders, shrink fit stresses, and also 
dynamic stresses produced in rotors and rotating 
discs by inertia forces and: the stresses due to non- 
uniform heating are given attention. 

The fifth chapter contains the theory of sidewise 
buckling of compressed members and thin plates due 
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to elastic instability. In many cases, failure of an 
engineering structure is to be attributed to elastic 
instability and not to lack of strength on the part of 
the material. 

In the sixth chapter, the irregularities in stress dis- 
tribution produced by sharp variations in cross sec- 
tions of bars caused by holes and grooves are con- 
sidered, and the practical significance of stress con- 
centration is discussed. 

In the last chapter, the mechanical properties of 
materials are discussed. Such subjects as the fatigue 
of metals and the strength of metals at high tempera- 
ture are of decided practical interest in modern 
machine design. These problems are treated more 
particularly with reference to new developments in 
these fields. 

This book is 9% by 6% overall and contains 335 
pages. The price is $4.50. 


Weld Design and Production 


By Robert E. Kinkead 


HE author states in the preface to this book that 

his purpose is not only to bring together the basic 
information on welding, but to so arrange it that 
every new fact can be valued and given its proper 
relation to other facts. While a great deal of informa- 
tion has been published on the subject of welding, 
thus far it has not been very well organized, and it 
is consequently difficult to use. Accordingly, this 
book should serve a real need. It is written primarily 
for two groups, engineers who are responsible for 
satisfactory and safe welds, and business executives 
responsible for the cost element of welding jobs. 

Chapters are devoted to the economics of welding, 
methods of welding, effect of physical conditions on 
weld behavior, actual welding conditions, welding 
procedure, control, machine welding, research and 
development. Charts and diagrams are used ex- 
tensively throughout the text. 

Generally speaking, this book is written in such a 
manner that it can be read intelligently by those 
whose information on the subject of welding is very 
limited. On the other hand, it covers some of the 
more complex phases of the subject in such a way as 
to be instructive even to those who have had con- 
siderable welding experience. 

This book is 6 by 8% overall and contains 108 
pages. The price is $4.00. ~ 
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Fcmene Design and Equipment for 
Generating Steam with Wood 


Refuse Fuels 
(Continued from page 32) 


stitial openings vary from 34 in. to 34 in. depending 
upon the slag conditions anticipated. A wide open- 
ing is of disadvantage in that it allows fine material 
to fall through into the ash pit and, unless provision 
is made for flooding the pit, damage to the bars may 
result by reason of sifting fires. In genera], the bar 
opening should be kept as small as slag formation 
will allow. 

The ratio between boiler surface and grate area 
will vary, depending upon fuel moisture content and 
particle size. The limits are from 15 sq. ft. of boiler 
heating surface per sq. ft. of grate area to 4o sq. ft. 
of boiler heating surface per sq. ft. of grate area. 
Coarse fuel will require more surface than finely- 
hogged material by reason of the lessened rate of 
combustion due to the larger particle size. For at- 
taining 200 per cent of rating with finely-hogged 
fuel of 40 per cent moisture content, 1 sq. ft. of grate 
for every 30 to 35 sq. ft. of boiler surface will be 
sufficient. The ratio may be increased 25 per cent 
when sloping grates are used. 

The slope of inclined grates should exceed in 
angularity the angle of repose of the material to be 
fired so that the fuel will move forward by gravity. 
When the slope is insufficient to cause this forward 
movement, the primary purpose of the inclined grate 
is defeated. Slopes from 40 to 45 deg. are common. 
A good average figure is 42 deg. but consideration 
of the fuel as regards its angle of repose should 
determine this point. 


Municipal Wastes as Fuel 


For Power Genearation 
(Continued from page 50) 


ing 18.44 lb. of steam per kw. hr. at the switchboard. 
These figures are something to pause and ponder over. 
Should the fuel value or the supply of refuse fall short 
of exact balance, there can be no objection to the use of 
auxiliary fuel. It is costing $1.50 and more per ton 
to burn municipal refuse without any return. Any 
temporary deficit in the public’s contribution to the 
municipal fuel supply can be met for a fraction of the 
present cost of burning refuse, and the entire cost of 
power for sewage treatment can be reduced to a 
fraction of the cost of power purchased for that pur- 
pose, putting into the balance, of course, the present 
cost of disposing of refuse by incineration. Load 
factors and: synchtonizing power generation with 
power requirements are greatly facilitated by drying 
garbage for storing and charging as required. 
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A NATIONWIDE 
ORGANIZATION 


Supplying the technical foundation 
and knouledge of the Engineer and 
Chemist in aiding to solve the 


PROBLEMS of 
PURCHASING, PRODUCTION 
and DISTRIBUTION 


Founded in 1881, the Pittsburgh Test- 
ing Laboratory has developed into a 








national service along lines of scien- 
tific achievement in the following 
fields: @ Engineering Inspection... . 
Chemical Analysis and Research... . 
Physical Testing and Research. ... 
Special Analysis and Investigations of 
Industrial Problems. ... Patent In- 
vestigation and Litigation. . . . Scien- 
tific Proof and Fact Finding as an 
Aid to Sales. @ The activities of this 
modern business organization are 
fully described in an interesting 32 








page brochure, sent free upon request. 


PITTSBURGH 
TESTING wer cad 


PITTSBURGH 
PENNA. 


























NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. Address your 
request direct to the manufacturer and mention COMBUSTION Magazine 





Boilers and Heat Exchangers 


“Our Fiftieth Year” is a recently issued 
bulletin which outlines the growth and prog- 
ress of the Henry Vogt Machinery Company 
during the half century of industrial activity 
since its founding in 1880. Following an 
interesting history of the company, are chap- 
ters devoted to the various types of equip- 
ment manufactured. These include bent tube 
boilers, box header boilers, return tubular 
boilers, oil refinery equipment, heat exchang- 
ers, refrigerating equipment and a complete 
line of drop forged steel valves and fittings. 
Many illustrations are included to show the 
diversified range of products. 16 pages and 
cover, 814 x 11—Henry Vogt Machine Com- 
pany, Louisville, Kentucky. 


co, Meter 


The Brown Electric CO2 Meter is presented 
in an attractive new folder. In this meter 
chemical solutions, rubber tubes and glass- 
ware are eliminated. There are no calcula- 
tions to make—the readings are direct. As 
the instrument is electrically operated, it can 
be located at any convenient point either 
near the boiler or at a distance and one in- 
strument can be used to read COz at several 
different locations by simply switching the 
connections from one point to another. The 
meter is both indicating and recording. 12 
pages, 814 x 11—The Brown Instrument 
Company, Wayne -and Roberts Avenues, 
Philadelphia, Pa. 


Feed Water Regulator 


The new Copes Type OT Feed Water Reg- 
ulator is described in a bulletin just issued. 
This regulator was developed for installation 
on Horizontal Return Tubular, Scotch Ma- 
rine and other boilers of similar tvoe, and 
consists of the standard Copes regulator 
valve actuated by an expansion tube device 
which is a modification of the standard Copes 
thermostat. The new fegulator is rugged, 
compact and positive. It may be installed 
with the valve located in either a vertical 
or horizontal position. Application arrange- 
ments are illustrated. 4 pages, 814 x 11— 
Northern Equipment Company, Erie, Pa. 


Feed Water Treatment 


“Hot Lime-Soda-Phosphate Treatment of 
Feed Water for High Pressure Boilers,” a 
technical paper by C. E. Joos, Chemical En- 
gineer of the Cochrane Corporation, has been 
reprinted and is available for distribution. 
The introduction of higher steam pressures 
and temperatures and greater boiler capacities 
has emphasized the problem of conditioning 
the boiler feed water. At the higher tem- 
peratures corresponding to higher pressures, 
overheating of the boiler metal because of 
scale is more likely to occur; corrosion and 
embrittlement are more likely to occur than 
at low pressures; foaming and priming are 
aggravated by the high rates of driving, 
particularly with the small drum capacities 
characteristic of high pressure boilers; finally, 
high pressure boilers cost more and are gen- 
erally of larger capacity than are low pres- 
sure boilers, making it more desirable that 


56 


they be held in continuous service with no 
shut downs on account of the condition of 
the water. This paper is fully illustrated by 
charts, diagrams and photographs. 8 pages, 
814, x11—The Cochrane Corporation, 3160 
No. 17th St., Philadelphia. 


Fluid Meters 


“Mechanically Operated Fluid Meters” is 
the title of new No. 37 bulletin devoted to 
Bailey Fluid Meters. This bulletin describes 
and illustrates various types of mechanically 
operated meters and auxiliary equipment for 
their installation. Colored meter chart rec- 
ords showing results obtained by the applica- 
tion of Bailey Meters to various processes 
are included, together with sections on ori- 
fice and flow nozzle location, calibration, 
pulsating flow, special conditions and special 
applications. This bulletin also includes a 
long list of users of mechanically operated 
Fluid Meters showing installation data for 
various fluids, kinds of service and capacities. 
52 pages, 734x1014—Bailey Meter Com- 
pany, Cleveland, Ohio. 


High Temperature Refractories 


A folder describing “Flame Brand” high 
temperature refractories is being distributed. 
This line of refractories includes a broad 
range of products suitable for different fur- 
nace needs such as: Laying up fire brick set- 
tings; Veneering over fire brick in furnaces; 
Insulating; Covering boilers and furnaces; 
Patching and monolithic linings. Consider- 
able information on refractories and the use 
of the various materials is included. 12 
pages, 4 x 834—King Refractories Company, 
1709 Niagara Street, Buffalo, N. Y. 


Natural Gas Burning Equipment 


“Natural Gas as an Industrial Fuel’’ is 
the title of a new booklet which treats in 
comprehensive manner the use of natural 
gas to various industrial applications. The 
subjects of gas production, transmission, dis- 
tribution and measurement are covered in a 
preliminary section which is followed by 
descriptions of furnaces, burners, regulators 
and control appliances. Typical application 
arrangements are illustrated and tables and 
engineering data related to gas fuel are in- 
cluded. 36 pages and cover, 6x 9—Tate- 
Jones and Company, Leetsdale, Pa. 


Power Transmission Chain 


Union Silent and Roller Chain for power 
transmission is covered in a new catalog No. 
200. The book is divided into two sections: 
Section 1 including silent chain, sprockets 
and casings, and, Section 2 covering roller 
chain and sprockets. Many application ar- 
rangements are illustrated and described and 
tables of sizes and prices are included. The 
book is a comprehensive treatise on modern 
high speed power transmission and the en- 
gineering data presented should prove to 
be of definite value to all who design or in- 
stall high speed drives. 124 pages and cover, 
81x11—The Union Chain Manufacturing 
Company, Sandusky, Ohio. 


Protective Coatings 


“APEXIOR Coatings” applied like a paint 
for the preservation and protection of metal 
surfaces, are described in new bulletin No. 
1238 just issued. It is replete with illus- 
trations, showing a few of the many types 
of boilers in which NUMBER 1 is used, pic- 
tures of well-known plants which are regu- 
lar users, and views of how to apply the 
coating together with a short description of 
the sted of applying it to a boiler. There 
is also a section devoted to condensers and 
other cold wet applications in which the tem- 
peratures are below 125 deg. fahr. and hot 
dry surfaces for temperatures up to 450 deg. 
fahr. There is also a condensed list of users. 
16 pages and cover, 814 x 11—The Dampney 
Company of America, Hyde Park, Boston, 
Mass. 


Steam Generating Equipment 


A_ new general condensed catalog GC-6 
briefly describes the complete line of fuel 
burning and steam generating equipment 
manufactured by Combustion Engineering 
Corporation. The apparatus shown includes 
both storage and ion firing systems for 
pulverized fuel burning, six types of me- 
chanical stokers, bent tube boilers, sectional 
header boilers, box header boilers and re- 
turn tubular boilers, air preheaters, water- 
cooled furnace walls and economizers. Nu- 
merous illustrations show details of design 
and application arrangements. 16 pages and 
cover, 814 x 11—Combustion Engineering 
Corporation, 200 Madison Ave., New York. 


Water Tube Boilers 


Collins Western Water Tube Boilers are 
presented in a new catalog. The design is 
unique as the upper drum is placed longi- 
tudinally and the lower drum extends across 
the furnace. Curved tubes connect the two 
drums and provide a positive “ring flow” 
circulation. Two sizes, 91 hp. and 118 hp. 
are standard and interchangeable as to either 
a brick setting or a portable steel cased in- 
stallation. With oil or gas firing, efficiencies 
of 80 to 82 per cent are reported for these 
small units even when operated up to 200 
per cent rating. The design is applicable 
for boilers up to 5000 hp. and for pressures 
up to 1200 lb. 16 pages, 81/4 x 11—Collins 
Western Corporation, Ltd., 517 Hollings- 
worth Building, Los Angeles, California. 
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Pulverized Fuel Safety Code 
Is Revised 


A revision of the American Standard ‘‘Safety Code 
for the Installation of Pulverized Fuel Systems’’ is 
announced by the American Standards Association. 
The rapid increase in the use of pulverized fuel in 
many industries, resulting in new developments in 
methods and design of equipment, is responsible for 
the revision. The original code was approved by the 
American Standards Association in 1927. 

The code covers the construction of buildings 
housing fuel pulverizing equipment, the ventilation 
of these buildings, and specifications for dust collec- 
tion systems. Specifications are given covering 
methods of preventing explosions through static, 
through the drying of coal, and through its trans- 
portation through pipe lines. The code also contains 
suggestions. for safe operating rules to be printed on 
instruction cards which can be used for guidance of 
the employees in charge of the operation of such 
systems. 

The standard which is part of a comprehensive 
project for the prevention of dust explosions, was 
developed, and the revision undertaken, under the 
sponsorship of the National Fire Protection Associa- 

tion and the United States Department of Agricul- 
ture. The American Standards Association Technical 
committee in charge of the project, under the chair- 
manship of D. J. Price, Bureau of Chemistry, U. S. 
Department of Agriculture, Washington, D. C., in- 
cludes representatives of the following organizations: 


American Spice Trade Association; Associated 
Corn Products Manufacturers; Associated Factory 
Mutual Fire Insurance Companies; Conference of 
Special Risk Underwriters; Dust Collection Equip- 
ment Manufacturing Group; Grain Elevator Con- 
struction; International Association of Fire Chiefs; 
International Association of Fire Fighters; Associa- 
tion of Governmental Officials in Industry; Inter- 
national Association of Industrial Accident Boards 
and Commissions; Mutual Fire Prevention Bureau; 
National Board of Fire Underwriters; National 
Bureau of Casualty and Surety Underwriters; Na- 
tional Electric Light Association; National Electrical 
Manufacturers Association; Railway Fire Protection 
Association; Terminal Grain Elevator Merchants’ 
Association; Western Actuarial Bureau; United 
States Bureau of Mines; United States Department 
of Agriculture; United States Department of Labor; 
Society of Grain Elevator Superintendents of North 
America; Pulverized Fuel Equipment Association; 
Underwriters’ Laboratories; and a representative of 
the sugar industry. 


Copies of the code are available for five cents each 
from the American Standards Association, 29 West 
39th Street, New York City. 
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n the POWER PLANT 
GOOD HOUSEKEEPING is an 
incentive to GOOD OPERATION 


A fresh coat of paint—paint of the right kind—on 
piping, floors and equipment is the first and biggest 
step toward good housekeeping in the power plant. A 
well painted plant is easy to keep clean—it is con- 
ducive to neatness and good operating habits which 
are eventually translated into improved economy. 


These 3 Industrial Enamels 


were developed particularly for Power Plant use 


CE-CO Pipe Enamel 


Any Shade—Interior Use 
A high grade enamel adapted for resisting the mois- 
ture, oil, grease and moderate fume and heat conditions 
encountered in many industrial establishments and power 
plants throughout the country. 


Dries to a tough, elastic, durable, glossy film that pre- 
serves pipes and covering, and its hard smooth surface 
makes it easy to keep clean. Contrasting colors are avail- 
able for marking pipes for purposes of identification. 


Z CE-CO Engine Enamel 
Any Shade 


A high grade, heat-resisting, oilproof enamel for 
high class work. It is especially recommended for 
finishing engines, steam turbines, generators, pumps, com- 
pressors and general machinery. 


3 CE-CO Cement Floor Enamel 


Any Shade—Interior Use 

Penetrates and fills the pores of cement, acts as a 
binder and tends to prevent disintegration of the floor 
surface under traffic. 
Dries to a hard, smooth, lustrous finish, resists wear ex- 
ceedingly well, not affected by oil or water, overcomes the 
annoyance and expense caused by liberation of “cement 
dust” due to traffic and abrasion. 


CHEESMAN-ELLIOT CO. Inc. 


Established 1876 
TECHNICAL PAINT MAKERS 
639-647 Kent Ave., Brooklyn, N. Y. 


Works: Bklyn., N. ¥Y.—Williamsport, Pa. 
—— = — = as es ee ee ee ee ee 


CHE®SMAN-ELLIOT Co., INC. 
639 Kent Ave., Brooklyn, N. Y. 

We are interested in Indus- 
trial Enamels for ............ 
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1. MECHANICAL ENGINEERS’ 
HANDBOOK 
By L. S. Marks 
2265 Pages 3rd Ed. Price $7.00 
Here is a book indispensable to the practicing 
engineer and the student—a compact, up-to-date 
presentation of essential theory, standards, prac- 


tice and data in every field of mechanical en- 
gineering. 


2. MECHANICAL ENGINEERS’ 


HANDBOOK 
By R. T. Kent 
2247 Pages 10th Ed. Price $6.00 
Designer, power-plant engineer, shop-superin- 


tendent, heating and ventilating engineer, hy- 
draulic engineer, building constructor, foundry- 
man, automotive engineer, will find this hand- 
book to be a complete reference book covering 
their field and many others. “Kent” is more 
than a book, it is a complete library of engi- 
neering practice. 


3. ELECTRIC SYSTEM HANDBOOK 


By C. H. Sanderson 
1131 Pages Price $5.00 


Here is a complete guide to the design opera- 
tion and maintenance of modern electric sys- 
tems, covering every phase of the subject from 
the generation of electricity to its distribution. 


4. PIPING HANDBOOK 


By J. H. Walker and 8S. Crocker 
764 Pages Price $5.00 


This book represents a very comprehensive 
compilation of reference information on piping. 
Every needed fact is given covering scientific 
fundamentals, materials and most effective 
methods. Numerous examples are given to 
facilitate the use of the information and for- 
mulas presented. 
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The books described below and those listed in the column opposite 
are especially recommended as Christmas gifts for engineers because 
they are recognized as authoritative treatments of the subjects covered. 


5. MATERIALS HANDBOOK 


By G. S. Brady 
428 Pages Price $4.00 


This volume is a complete compilation of the 
materials used generally in the manufacturing 
arts. Each material is most compactly defined 
and described; its fields of usefulness are men- 
tioned; its composition is accurately stated; and 
its customary method of shipping is given. It 
is a book which will be consulted frequently 
by every person who has access to a copy. 


6. STEAM POWER PLANT 
ENGINEERING 


By G. F. Gebhardt 
1928 Ed. Price $6.00 


One of the truly standard reference books on 
mechanical engineering. It is a necessary part 
of the equipment of everyone who has to do 
with steam-power plant engineering. 


7. STRUCTURAL ENGINEERS’ 
HANDBOOK 


By M. K. Ketchum 
1066 Pages Price $7.00 


The data, details, specifications and tables for 
the design and construction of steel bridges and 
buildings are presented in this book in com- 
pact, easily accessible form. It is a ‘source book 
and encyclopedia of useful information that has 
heretofore been accessible only to a few en- 
gineers. 


8. STEAM TABLES AND MOLLIER 
DIAGRAM 


By Joseph H. Keenan 
Price $2.00 


Every engineer who has occasion to consult 
steam tables should have a — of this new 
se oa book giving the latest approved 
values. 
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Christmas Gift 


for the Engineer 


For Christmas gifts to your friends in the engineering profession, select books from 
the standard reference works listed below. 
gift than a good book and this is especially true when the book presented is one that 
will assist the recipient in his chosen work. Make your selection and mail your order. 


There is no finer nor more appropriate 


— 


Boiler Feed Water Purification. . $4.00 
By. S. T. Powell 


MIS av 6 aed onivenne cd 6.00 
By F. N. Speller 
Elements of Eng. Thermo- 
IID ina Sivoo 0 5ci0id Sve 2.50 
By Calderwood and Potter 
Elements of Steam and Gas 
POWOP BOR. oc ciicevsces 2.75 
By Potter and Calderwood 
Engineering Economics ....... 3.00 


By J. C. L. Fish 

Engineering of Power Plants... 5.50 
By Fernald and Orrok 

Exhaust Steam Engineering.... 7.50 
By C. S. Darling 

Flow of Hot Gases in Furnaces 5.50 
By Groume 


Finding and Stopping Waste in 
odern Boiler Rooms..... 
By Cochrane 
Fuels and Their Combustion.... 7.50 
By Haslam and Russell 


Fuel Economy in Boiler Rooms.. 3.00 
By Maujer and Bromley 


Heat Loss Analysis........... 2.50 
By E. A. Uehling 

BE IU vn 0 v.6.020. Kk ob os 0c 0:0 3.50 
By Norris and Therkelsen 

Mechanical Engineering Labora- 

ge || SR re 4.00 

By Shoop and Tuve 

Power Plant Testing.......... 5.00 
By J. A. Moyer 

Steam, Air and Gas Power..... 4.00 


By Severns and Degler 

Steam and Gas Engineering.... 4.50 
By T. E. Butterfield 

Steam Generation Steps Ahead. . 1.00 
By G. B. Gould 

Strength of Materials.......... 
By G. Timoshenko. 2 vols. 


Standard Methods of Chemical 
CO Ee errr 12.00 


By W. W. Scott. 2 vols. 


In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York City. 


find check for $..... eo Witets , for which please send me the books listed. 


PLEASE PRINT 


‘December 1930— COMBUSTION 











Boiler, Stoker and 
Pulverized Fuel Equipment Sales 


Total figures to October 1, as reported to the Department of 
Commerce by the leading manufacturers in each industry 


Boiler Sales 



































Total 9 mo. | Total 9 mo. 
1930 1929 Sept., 1929 | Sept., 1930 
No.| Sq. ft. | No.| Sq. ft. | No.| Sq. ft. | No.| Sq. ft. 
Water tube} 906} 4,815,193 1339 7.692.059 14d 966,656 | 78 | 565,636 
H.R.T. 7391 1,002,906}1102| 1,458,504} 115] 138,759 | 93 | 119,291 








Mechanical Stoker Sales 















































Year Type or BorLer 
Tota. 
and ; 
Month Fire-tube Water-tube 
No. HP. No. HP. No. HP. 
1929 
HOW on 4 186 65,197 88 11,922 98 53,275 
August..... 199 54,929 94 13,981 105 40,948 
September. . . 155 45,685 71 9,791 84 35,894 
Total (9 mo.)} 1,352 | 459,032 544 81,613 808 | 377,419 
Total (year)} 1,716 | 599,585 706 | 102,515| 1,010 | 497,070 
1930 
January..... 53 13,198 24 2,872 29 10,326 
February. .. . 73 | 22,648 26 3,732 47 | 18,916 
March...... 89 32,403 45 6,128 44 26,275 
a eee 108 35,903 46 6,984 62 28,919 
ERS 96 | 31,956 41 | 5,703 55 | 26,253 
( 151 47,803 70 10,100 81 37,703 
/, Soe 150 37,761 83 11,434 67 26,327 
August..... 115 29,988 61 10,587 54 19,401 
September... 128 42,899 71 9,186 57 33,713 
Total(9mo.)} 963 | 294,559| 467 66,726} 496 | 227,833 











Pulverized Fuel Equipment Sales 























CENTRAL SYSTEM UNIT SYSTEM 
Total | Total Total | Total 
No. Rated | Rated | No. Rated | Rated 
Year of |capacity} hp. of of | capacity] hp. of 
and Pulver- | in tons | boilers | Pulver- | in tons | boilers 
Month izers | of coal |equipped] izers | of coab jequipped 
per hour per hour 
1930 For INstaLtLaTION UNDER Water-[uBE BorLers 
January..... 1 6 1,600 52 565 | 59,742 
February... . 2 20 3,000} 29 175 | 23,305 
March... ..:. y 50 6,414 16 33 9,995 
Sa Pee vai his 31 139 | 37,993 
MEY ceisis 9 3 80 11,360 30 196 22,625 
i eee 1 6 802 15 28 7,146 
}  Feeverer 2 22 1000 12 29 20,424 
August..... ans molar ween 4 13 1,454 
September...} .... ee bared 24 112 | 18,729 
Total(9mo.)| 11 184 24,176 | 213 1,290 | 201,413 









































R&E a 3000 {for brickwork} 
R & E Moldit {monolithic} 
R & E Moldit-A {monolithic} 


Specialized 


Cements 


for 
l Job—you: boiler 


And it’s a 3 to 1 shot that these three specialized 
cements will give you more service than one special 
service cement. The reasons are quite obvious— 
1. Each R & E Cement has been developed for 
the definite service for which it is used. 


2. No R & E Cement is a “happy medium” which 
tries to kill two birds with one stone and misses 


both. 

3. All three being sold by the same company they 

are naturally impartially recommended. 
We have a very complete booklet which will help 
you choose the proper cement for your plant. May 
we send you a copy? 








eis 


l #00 


Send 
for 


a copy 
of this 
booklet 


REFRACTORY & ENGINEERING 


CORPORATION 
50 Church Street, New York, N. Y. 


Warehouses in 
Philadelphia, Baltimore, Pittsburgh, Chicago, 





For INsTaLLaTIoN UNper Frre-Tuse Boi.ers Boston, Norfolk 

ee re apy penny 6 35 965 ar: : ae 
Februaty....) .... pees aseh 2 13 305 Gentlemen: i 4 
a Se eee 3 3 450 Please send me a copy of your booklet “Better Boiler 
ee By ae oe he 3 3 780 Brickwork and Monolithic Construction.” 
a. . veee vee RCS ae: so width dudalen a eeae 6 iene «a be eae 

a we 
hae ats “Seb Ng. (oc eerie Ned cake, ty oo ee 
— ve eee 3 3 5 a A ST eo os see Biinn alee Cea ale eee 

tembe: 6 3 900 

a No Foo 5 a Seca ses i 5.0. 0abeasn pee 

Total(9mo.)} .... or —y 23 60 4,112 





COMBUSTION — December 











(aRuinG 


Dold 


Carling Units 


now in service 


with installations 


STEAM TURBINE 
eight frame sizes 
1 to 100 hp. 


all over the world 


MOTOR DRIVEN 
BLOWER 


made in 10 sizes 


CARLING TURBINE BLOWER CO. 
WORCESTER, MASSACHUSETTS 











Pittsburgh Piping 
Creased Bends 


(Patented) 
SAVE SPACE 
DECREASE HEAT LOSSES 


Write for Literature. 
Pittsburgh Piping & Equipment Co. 
Pittsburgh, Pa. 


SAN FRANCISCO 10 High Street 


Call Building 


NEW YORE 
220 Broadway 


CHICAGO INDIANAPOLIS 
Peoples Gas Building Occidental Building 
DETROIT 
General Motors Building HOUGHTON, MICH. 


CLEVELAND 
Ulmer Buflding Dee Building 








Modern Gas-Tight 
Fuel Saving 
Baffles 


are made of 


INTERLOCKING TILES 


(For Bent Tube Boilers, Patented ) 


Two Design A-9 Interlocking Baffle Tiles 


Write for Free Literature 


POWER PLANT 
EFFICIENCY COMPANY 


Union Title Building Indianapolis, Ind. 





December 1930— COMBUSTION 








